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PREFACE 

Teachers of forest entomology have long felt the need of a 
»extbook upon which to base their courses. This book is pn- 
narily intended to fill that need, but it is also hoped that its use 
viU not be limited to the classroom It should be of interest not 
)nly to students and teachers of forest entomology but also to 
■conomic entomologists, ecologists, foresters, and to many others 
ngaged m growmg or utihzing forest products 

No detailed consideration of the classification, structure, and 
aetamorphosis of insects is included here, partly because it is 
elt that m the brief space available these subjects could not be 
overed adequately and partly because these subjects are 
horoughly discussed in a number of easily available and excellent 
7orks which may be referred to for this mformation. 

The author feels that the best approach to the subject of forest 
ntomology is through a consideration of general underlying 
•rmciples supplemented by a study of certain msect species 
arefuUy selected to illustrate how these prmciples apply in 
adividual instances. With this aim m view, a large proportion 
f this book is devoted to a discussion of these prmciples, espe- 
lally from the ecological viewpomt 

Examples of insects illustratmg various ecological groups are 
iscussed m more or less detail These examples have been 
sleeted on the basis of their importance as pests In so far as 
ossible representatives from different parts of North America 
ave been used. In many instances, other insects might be 
sed as well as the one selected for illustration References to 
umerous species that have not been discussed in the text have 
een mcluded in the bibhography for the convemence of those 
^ho may wish to refer to them. 

References to the bibliography are indicated in the text by the 
ame of the author followed by the year of the publication 
sferred to. The bibhography has been classified accordmg to 
hapters and placed at the end of the book so as to simplify its 
se for general reference No attempt has been made to cite 
fferences covering any subject completely but, mstead, selections 
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have been made from easily accessible material that will serve 
as a startmg point for a more extensive examination of literature 
The illustrations have been drawn from various sources Some 
of them are photographs taken by the author and many have 
never been used m previous pubhcations. For permission to 
use certain illustrations, the author wishes to acknowledge his 
indebtedness to the Division of Entomology, University of 
Minnesota, the Bureau of Entomology, U. S Department of 
Agriculture, and The Entomological Branch, Canada Depart- 
ment of Agn culture. Mr J C Evenden,Mr A. A Granovsky, 
and Mr Leslie W Orr. Mr Wilham Middleton and Dr T. E. 
Snyder were especially helpful in aiding in the selection of photo- 
graphs from the files of the Bureau of Entomology. 

During the preparation of this work, valuable advice has been 
received from many entomologists and foresters Encourage- 
ment and suggestions have been received from members of the 
Division of Entomology and the Department of Ammal Biology, 
Umversity of Minnesota, especially Dr W. A Riley, Dr. R N. 
Chapman, and Mr A. G. Ruggles. Dr A. G. Boving very 
kindly examined the historical section; and many others, from 
time to tune, have offered suggestions. The author wishes to 
express his appreciation to all who have aided either directly or 
indirectly m connection with the preparation of this book 
Finally, the author wishes to acknowledge his obligation to his 
wife, Sybil Fleming Graham, and to express his appreciation of 
her valuable assistance in the preparation of this book for 
publication 

Samuel Alexandee Geaham 
School of Forestry and Conservation, 

Uniyerbitt of Michigan 
December, 1928 . 
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ENTOMOLOGY 


CHAPTER I 
INTRODUCTION 

Forest entomology is that branch of the biological sciences 
^rhich deals with insects m their relation to forests and forest 
products. The majority of species treated in this book have a 
lirect effect either upon the trees themselves or upon the products 
erived from the trees Some, however, have an mdirect effect 
1 that they are predaceous or parasitic and prey upon the tree 
ests In addition to these two types there is a multitude of 
isects entenng mto the forest economy that are neither pests of 
rees nor parasitic or predatory enemies of those pests Examples 
f these are insects that live upon the plants of the undergrowth, 
lose that aid in the dismtegration of waste wood m the forest, 
id those that feed upon the organic matter m the duff layer of 
►rest soils There can be no doubt that msects of this type play 
1 important, if secondary, part m the forest. But they have 
ceived scant attention from entomologists, and, hence, httle 
known of their activities. 

Importance of Forest Entomology in Forestry. — It has been 
id that forestry is 90 per cent protection One may not accept 
IS high percentage as a fair estimate of the importance of 
otection, but it must be admitted that if our forests are not to 
protected from the devastation of forest fire, and the ravages of 
sects, and of fungous diseases, there will be httle opportunity to 
actice forestry Fire, fungi, and insects are the greatest agents 
destruction in our forests. Any program of protection which 
lores any one of this formidable triumvirate endangers our 
3sent and future timber supply and certainly mvites disaster. 
Dunng every stage in the growth of wood, from the seed to the 
ished product, important insect problems are contmually 
Bsenting themselves Even before the seeds are collected, 

1 
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they may be attacked and injured by certain insects that i 
upon the seed of either coniferous or deciduous trees. T1 
are, for the most part, members of the famihes Ipidae (Scolytic 
Curcuhonidse, or Chalcididse (Fig 1). Deterioration of the si 
due to the activities of these msects, may continue during stor. 
In the nursery, the seedlings or transplants may be injured 
such defoliators as chmbing cutworms, or by root-eating ms 
like white grubs and wireworms Bark beetles, leaf or 



1 — Megastigmus spermatophUiLat one of the seed-oatmg ohaloida, ovipo 
jn a douglas-fir Gone {Bureau of Entomology ^ U S Dept of Agr ) 


mmers, plant lice, and scale msects all take their toll from 
trees in the forest nursery and also from the advance grow 
young trees growing under more natural conditions in the fc 
Trees in the saplmg stage are sometimes attacked and sew 
injured by defohators, cambium insects (Fig 2), and sue 
insects The vigorous period between the sapling stage 
commercial maturity is, as a rule, the stage most resii 
to insect attack Occasionally, even in this period, the trees 
succumb to the attack of defoliators or primary bark be< 
With approachmg maturity the vitahty of the trees appea 
be reduced, and they become increasingly susceptible to i 
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injury. Bark beetles that cannot kill vigorous young trees may 
breed successfully m the trees of the mature forest, and def ohators 
become much more dangerous than they were when the trees were 
in the full vigor of youth 
Later, when the trees die or are _ 

cut, they promptly become sub- 
ject to the attack of the many 
kinds of wood-detenorating in- 
sects Bark beetles, ambrosia 
beetles, round-headed borers 
(Fig 3), and flat-headed borers 
all attack and mjure dymg or 



Fig 2 — A white-pine saplmg injured 
yy the whito-pme weevil The top of 
.ho main stem has been killed This 
and of injury frequently produces a 
jrooked tree. 


Fig 3. — M(mocham/u8 ohtvsm adults 
on a yeUow-pme log from which they 
have emerged Note the circular emer- 
gence holes oharactenstio of this and 
other round-headed borers These m- 
sects are mjunous to freshly cut or 
recently killed timber {,BuTeau of 
Entomolocn/j U S Dept of Agr) 


recently killed trees and freshly cut wood Not only do these 
insects injure the wood directly by their borings, but they are 
often responsible for the introduction of wood-staining and wood- 
rotting orgaiusms. As the wood seasons or decays, it becomes 
subject to the attack of numerous other insects 
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With such a multiplicity of insect species attacking trees and 
wood products, it is difficult, mdeed, for a forester to find any 
hne of forestry work m which he is not faced by some insect 
problem. Even the lumber salesman may be called upon to 
pacify a customer who finds powder-post beetles (Fig 4) emergmg 
from a newly laid hardwood floor Also, m lumber manufactur- 



Fig 4 — The work of powder-post beetles in finished lumber {UiwoGraiiy oj 

Minnesota ) 


ing, in the pulp and paper industry, m forest by-product 
mdustries, and m the more techmcal phases of forestry work, 
entomological problems are forever intruding 

In the past, in spite of the tremendous losses caused by insects 
of forests and forest products, entomology has often been looked 
upon in forestry as something to be ignored whenever possible. 
This was due in part, at least, to the feehng among foresters and 
lumbermen that msects m the forest could not be controlled, and 





INTRODUCTION 


6 


therefore, should be disregarded whenever possible. But this 
pomt of view is rapidly changing, and forest entomology is now 
properly considered to be an mtegral and important part of 
forest protection Forest entomological problems have become 
so important that they can no longer be disregarded. They 
must be faced squarely and solved together with our problems in 
silviculture, management, and utilization. 

It is important, therefore, that every forester should be able to 
recogmze evidences of possibly dangerous insect activities and 
should know enough about msect pests and their control to 
approach problems intelhgently. He should know how and 
where to obtam information about insects and should be able 
to apply the necessary remedies intelhgently A person totally 
Ignorant of msects and their ways cannot hope to get the best 
results, any more than a poorly tramed physician can hope 
to give as good service as one who is well acquainted with the dis- 
ease he is called upon to cure 

Losses Due to Forest Insects. — It is undoubtedly true that m 
North America more wood has been destroyed by msects, fungi, 
and fire than has ever been cut and used Of these various 
wood destroyers, insects are by no means the least important 

Accurate estimates of losses due to forest msects are very 
difiioult to obtam Certam epidemics, however, have been of 
such a character that the approximate losses can be estimated 
with a fair degree of accuracy, but aside from these outstandmg 
instances most estimates are, under present conditions, little 
more than guesses 

A few of the losses resultmg from forest msect outbreaks that 
can be estimated with reasonable accuracy are as follows: 

1. Bark beetles in western pme and spruce annually 5,000,000,- 
000 board feet 

2. Spruce budworm m Quebec, 1910 to 1920, 200,000,000 
cords of balsam fir 

Spruce budworm in Minnesota 1913 to 1923, 10,000,000 
cords of balsam fir 

Spruce budworm in New England 1910 to 1920, 15,000,000 
cords of balsam fir 

Spruce budworm total 1910 to 1925, 225,000,000 cords of 
balsam fir.^ 

1 This does not include several comparatively recent outbreaks in Canada 
and the United States concermng which no data are available 
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3. Larch sawfly in Minnesota 1910 to 1926, 1,000,000,000 
board feet of tamarack ^ On the basis of the lowest current 
stumpage values the average loss to the State of Minnesota alone 
during the 20 years from 1905 to 1925 as a result of spruce bud- 





Fig 5 — Diagramatio croaa-aeotions of two forest areas, illustrating the effect 
of a spruoe-budworm ojutbreak upon forests of different compositions Balsam 
fir IS represented by a nairow, unshaded cone, pme by a broad cone, other 
conifers by a shaded cone, spruce by the figure with droopmg branches, and 
hardwoods by an oval The upper lino of trees represents the original condition 
before the outbreak, the lower, the condition after the outbreak. The relative 
size of the trees is mdicated by the height of the figures A reprosents a mixed 
stand composed mostly of balsam fir and hardwoods B represents a stand where 
balsam fir was ongmally the predominating species Note that the injury to the 
forest is much more severe where balsam fir is most abundant 


worm and larch sawfly outbreaks amounts to at least $15,000,- 
000 annually (Fig 5). 

Even these data, based as they are upon field observations, 
cannot be looked upon as bemg very exact They are, of neces- 

^ In the entire range of eastern larch at least twenty tunes the above 
figure was destroyed in the same period 




Fig 6. — A tamarack forest killed by the larch sawfly Spruce and young 
tamarack are replacmg the trees killed 


charitable trees will have replaced those killed (Fig 6). Thus, 
although the destruction of timber has been almost beyond 
human conception, the actual economic loss is somewhat less 
than it might at first appear to be The destruction of this 
timber, therefore, was not nearly so serious a matter as will be 
similar outbreaks m the future 

The losses resultmg from such outbreaks of msects as those 
cited above only represent a part of the total damage for which 
forest msects are responsible. To these losses must be added 
the less conspicuous but none the less real damage caused by 
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insects when in normal numbers. The amount of this loss has 
been estimated m various ways. One of these is to assume a 
loss of 10 per cent of the total annual cut. On this basis the 
loss m the United States for the year 1919 amounted to $242,- 
000,000. Whether or not such an estimate is justified by the 
facts IS obviously open to question 



Fia 7 — Timbers m the White House, Washington, D C damaged by wood- 
bonng msoots iSexarthrum vlloei). This injury necessitated the replacement of 
the timbers at considerable expense {Bureau of Entomology y U S* Dept Agr ) 


The destruction of manufactured wood-products by insects 
certainly amounts to a very high total, but no definite data are 
available at present on which to base an estimate Termites, 
especially in tropical and subtropical regions, are particularly 
injurious to unprotected wooden structures. Even m the 
temperate regions of this country, particularly along the Atlantic 
and Pacific coasts, termites are suf&ciently numerous and 
injurious to justify special buildmg regulations to avoid mjury to 
wooden structures by these insects Other insects, such as the 
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powder-post beetles and the pole borer, attack and destroy 
seasoned wood and finished products, but the data available 
are insufficient to form the bases for satisfactory damage estimates 
(Figs 7 and 8). 

Incomplete and unsatisfactory as our statistics may be, they 
are, at least, sufficient to mdicate that insects are an important 
economic factor m our forest mdustry and should receive an 
important place m our plans for the protection of our forests and 
forest products 



Fig 8 — One of the Internal Revenue buildings m Washington, D C , injured 
by termites to such an extent as to necessitate the replacement of the supporting 
timbers. {Bureau of Entomology^ U, S, Dept Agr.) 


Scope and Subdivisions of Forest Entomology. — The scope of 
forest entomology is wider than may at first appear to be the case. 
It mcludes a great variety of materials leading to the better 
understandmg of the biological phenomena of forest hfe The 
ultimate aim of forest entomology is to make possible the regula- 
tion, m the interest of man, of insect activities m forest and 
forest products. In the control of forest insects, directly pro- 
tective methods can seldom be apphed, because of the excessive 
cost of such operations. As a rule, one is compelled to resort to 
preventive rather than to curative methods. This preventive 
entomology calls for a much more profound knowledge of both 
the insects and the forest environment than if one could depend 



10 


PRINCIPLES OF FOREST ENTOMOLOGY 


largely upon du’ect control One of the first requisites for forest 
insect work, therefore, is a sound basic knowledge of silvics and 
silviculture Not until one knows his trees is he in a position 
to apply his entomological knowledge to them. 

On the other hand, one must know his insects. To know an 
insect one must not only be able to recognize the genus and species 
to which it belongs, but he must also understand its functions, 
its reactions to its environment, and its physical limitations. 
Thus, all of the major divisions of the science of entomology are 
needed m the solution of forest entomological problems. The 
taxonomist is needed to classify msects and to study their 
relationships and ongm. He not only aids the forester by givmg 
him names, but also when a new forest entomological problem 
presents itself he may actually furmsh the key to satisfactory 
control measures For closely related msects can often be 
controlled by similar means, and the service of the taxonomist 
in showmg relationships of new to old pests may often prove 
invaluable. Studies m morphology, histology, and physiology 
of forest msects lead to a more complete knowledge of the msects 
studied and aid directly or mdirectly m the solution of forest 
entomological problems Chemical entomology, which mcludes 
spra3ang, dustmg, and fumigatmg for the control of msect 
pests, has its place in the control of certam tree msects Ecolog- 
ical studies, mcludmg life history mvestigations, the effect of 
climatic and other environmental factors upon forest insects, 
and the interrelation of parasites and predatory species with 
their hosts, are all of fundamental importance m forest 
entomology. 

Obviously, no forest entomologist can be expected to have the 
detailed knowledge of taxonomy that is expected of a speciahst 
in taxonomy and at the same tune be a speciahst m morphology, 
histology, physiology, ecology, and chemical entomology. The 
field is too large to permit of such a wide scope of endeavor. On 
the other hand, he is expected to have a general knowledge of 
each of these fields and to have a detailed knowledge of some of 
them. At the present time, forest entomologists in the Umted 
States and Canada are centering their attention for the most 
part upon either taxonomy, or ecology, or both; in Europe, 
however, at least some of the workers m forest entomology are 
attackmg problems of a morphological, histological, or physio- 
logical nature It is probable that the future may see the develop- 
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ment of specialists within the field of forest entomology just as 
we now have speciahsts m other fields of entomology. If such 
specialization does come to pass, let us hope that the workers 
will avoid the danger of overspecialization and will continue to 
mamtain their grasp of the general field, and thus keep a proper 
perspective of forest entomology as a whole 

Forest Entomological Literature. — Every student must rely 
on the writings of others for a foundation of information m any 
given hne The ability to locate all available hterature on any 
subject and to use that hterature efficiently is essential for best 
results The hbrary is one of the most important tools In the 
field of forest entomology there is particular need for training m 
the ways and means of locatmg information, because the wntmgs 
in this field are so scattered that they are sometimes difficult to 
find and may easily be overlooked 

Fortunately for the student of forest msects, American eco- 
nomic entomology is unusually well provided with a senes of 
indexed bibhographies pubhshed by the United States Depart- 
ment of Agnculture and by a senes of mdexes published by the 
Amencan Association of Economic Entomologists Volumes 
one to five, inclusive, of the mdexed bibhography entitled, 
'^Bibhography of the More Important Contnbutions to Amencan 
Economic Entomology,'^ were compiled by Samuel Henshaw 
The first three volumes were devoted to the wntmgs of B D 
Walsh and C. V Riley, two men who were perhaps the most 
prolific writers that entomology has ever known. Volumes 
four and five cover the wntmgs of other authors up to 1888. 
Volumes six to eight, mclusive, of this senes were compiled by 
Nathan Banks and cover the period from 1888 to 1906. The 
senes was then discontmued by the Department of Agnculture. 
The work was later taken up by the Amencan Association of 
Economic Entomologists, and the index portion continued 
The first volume of this mdex was compiled by Banks and covers 
the years 1906 to 1914, mclusive. Since then two more volumes 
have appeared, both compiled by Mabel Colcord The first of 
these covers the penod from 1916 to 1919, mclusive, and the 
second 1920 to 1924, mclusive. 

These bibliographies and mdexes provide a ready means of 
access to most of the important economic entomological literature 
of the United States and Canada, but they do not help where 
other literature is concerned For this one must go to other 
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works, the most important of which is probably the Zoological 
Record This record has been pubhshed annually since 1864 by 
the Zoological Society of London, and aims to include all 
pubhcations deahng with animals A large part of each volume 
is devoted to entomological hterature Periodical index numbers 
are pubhshed For information previous to 1864 one may go to the 

Index Literaturae Entomologicae,^' compiled by Hagen, Horn, 
and Schenkling 

Due to the fact that much forest entomological information 
has been pubhshed m forestry journals, trade journals, and other 
pubhcations, not ordmanly examined m the compilation of the 
bibhographical aids just mentioned, the forest entomologist 
must not neglect forestry hterature or he may miss important 
contnbutions This is particularly true of European hterature. 
No indexes in English of forestry hterature comparable to those 
of entomological hterature have ever been pubhshed. This lack 
adds to the difficulty of bibliographical work. The Journal of 
Forestry and its predecessor, the Forestry Quarterly , have pub- 
hshed monthly lists of hterature since 1902, and thus is provided 
a readily accessible reference to many forest entomological 
articles not mcluded in entomological bibhographies and indexes 

The indexes and records mentioned above aid the student in 
his search into the past, but this is only a part of his problem 
Often several years may pass between the date of pubhcation of 
an article, and the pubhcation of an index referring thereto. 
This gap must be bridged, which is no hght task when one con- 
siders the scores of periodicals, bulletins, circulars, and books 
coming from the press each month that may contain forest 
entomological information Even though each worker had 
access to every article in the mass of hterature, he could scarcely 
be expected to take the time to examme all of them. As a time 
saver and an aid m keeping in touch with recent progress, the 
reviewmg and abstracting periodicals are a great aid. These 
pubhcations are usually only a few months behind the pubhca- 
tion of original papers. 

One of the most important reviewing organs for the entomolo- 
gist is the Review of Applied Entomology , pubhshed in London 
by the Imperial Bureau of Entomology. This pubhcation appears 
monthly and aims to review every article pubhshed m the field of 
economic entomology. It is world wide m its scope and misses 
very few pubhcations of importance. In the Umted States, the 
Experiment Station Record, pubhshed by the Department of 
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Agriculture, covers a large part of the American hterature 
Botanical Abstracts, Physiological Abstracts, and Chemical 
Abstracts often contam abstracts of articles that may be of 
value to the forest entomologist. 

Biological Abstracts, a new publication starting with January, 
1926, is expected to supersede most of the older abstractmg 
agencies, because it covers the entire field of biology By 
bnngmg together world-wide biological hterature m this way 
tiife problem of the individual worker m keeping abreast of the 
times will be greatly simplified. 

Convement and useful as they may be in helping workers m 
the various fields to keep abreast with scientific progress, there 
hes a danger m the use of these abstractmg periodicals: the 
danger that one may neglect reading original articles. It must 
be remembered that an abstract does not take the place of the 
ongmal but only serves to mdicate whether or not the original 
IS of sufllcient importance to be read The student of entomol- 
ogy must be famihar with aU the ongmal sources that apply 
to the work at hand. 

Some of the sources m which one ordmanly expects to find 
Amencan and Canadian forest entomological work published 
may be hsted as follows: 

1 United States Department op Agriotjltxjrb 

Department bulletins and circulars 
Bureau of Entomology bulletms and circulars 
Farmers' bulletms 
Year books and reports. 

2 State Publications: 

Experiment station bulletms, circulars, and reports. 

Umversity bulletms and memoirs 
State entomologist pubbcations 

3 Bulletins and Circulars op the Entomological Branch, Canada 

4. Periodicals 

Journal of Economic Entomology 
Journal of AgricuUural Research 

Journal of Forestry {Forestry Quarterly and Proceedings of the 
Society of Amencan Foresters ) 

Canadian Entomologist 
Canadian Lumberman 
American Lumberman 

Proceedings of the Washington EntomologicaL Society 
Proceedings of the Entomological Society of Ontano 
Proceedings of the Entomological Society of Nova Scotia 
Proceedings of the Entomological Society of Entish Columbia 
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In England, a considerable proportion of the forest entom< 
logical work is conducted by the Forestry Commission ar 
appears in its publications Other articles appear from tin 
to tune in the Journal of Ecology and other periodicals St 
other articles on entomology are published in the Indian Foreste 
and official pubh cations of the Indian Government, and ah 
in the official publications of the respective governments < 
Austraha and South Africa In addition to publications print€ 
in English, there are many periodicals in foreign language 
particularly German Of these one of the most outstanding i 
the present tune is the Zeitschift fUr angewandte Entomolog 
edited by Eschench. Almost all of the European forestry an 
entomological pubhcations print occasional papers on forei 
insects. 

Although the major portion of European forest entomologicj 
hterature appears m the form of pamphlets and short articlei 
there are a number of important books on the subject I 
America, however, forest entomological books are very fev 
In fact, there is no general comprehensive work comparabl 
with some of those that may be cited from European countriei 
About the only American books that deal with forest insects an 

Packard, 1890, ^‘Insects Injunoua to Forest and Shade Trees” Fift 
Report of the Entomological Commission, U S Dept Agr 
Pelt, 1905, “Insects Affecting Park and Woodland Trees ” Mem 8, Ne' 
York State Museum. 

Felt, 1924, “ Manual of Tree and Shrub Insects ” 

One of the best manuals of general entomology is: 

Comstock, 1926, “An Introduction to Entomology ” 

Some of the outstanding Enghsh and European texts are: 
Gillanders, 1908, “Forest Entomology ” 

Eschench, 1914 to 1923, “Die Forstmaekten Mitteleuropas” (A revision ( 
Judeich andNitsche^s “Lehrbuch der Mitteleuropaischen Forstinsekter 
kunde”). 

Trag^rdh, 1914, “Svenges Skogs Insekter ” 

Ceccom, 1922, “Manuals di Entomologia Forestale ” 

NUsslm-Rhumbler, 1922, “Forstinsektenkunde ” 

Barbey, 1925, “Trajt6 D^Entomologie Foresti^re ” 

Because forest entomological literature is so widely scattere' 
m so many different pubhcations, it is obvious that no Iocs 
library can have on its shelves copies of all the entomologies 
pubhcations that one may wish to examme Even in some c 
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our best entomological libraries, it is often impossible to find 
every article which may be of mterest Fortunately, however, 
most of the local hbranes have the privilege of borrowing from 
other hbranes, or if the pubhcations themselves cannot be 
borrowed, photostat copies of parts of articles or books can 
usually be obtained; consequently, if one has a definite reference, 
it is usually possible to see a certam publication even though 
the facihties of the local hbrary are rather limited. The first 
and most important thing that one needs when one begins to look 
up the hterature on any suliject is to have at his command 
adequate bibhographical aids m the form of mdexes and abstract- 
mg organs, such as have been mentioned above. "With these 
at one^B command, one can search through hterature effectively, 
without them, one is helpless One should see, therefore, that 
the local hbranes are eqmpped with at least these very necessary 
tools 



CHAPTER II 


HISTORICAL REVIEW 

The science of forest entomology, like the science of forestry 
of which it is a part, is very young It had its beginning during 
the first part of the nineteenth century 

DEVELOPMENT IN EUROPE 

In as much as Grermany was the first country to develop forestry, 
it IS natural that in that country forest entomology should have 
had its mception. As the value of trees became more and more 
appreciated and methods of silvicultural practice were developed, 
the necessity of protecting the trees from the ravages of insects 
became mcreasmgly important. 

The Pre-Ratzeburg Period. — The outbreak of a forest pest 
was somethmg with which the early foresters were unable to 
cope, and so they were forced to call on others for help They 
appealed to the zoologists. As a result of these early appeals, 
a number of publications appeared that dealt with various 
mdmdual forest msect problems. For mstance, one finds such 
treatises as that of Gmelin, ^'Abhandlung uber die Wurmtrock- 
nis,” pubhshed in 1773, and that of Hennert, '^Uber die Raupcn- 
frass und Wmdbruch,” pubhshed m 1798 

The purpose behmd most of these early studies of forest 
insects was the development of methods by which a certain pest 
or the pests of a certain tree might be controlled It is true 
that this end was seldom accomphshed, and that the chief con- 
tribution of these studies to science was either taxonomic or 
biologic m character. Sometimes, however, effective measures 
were suggested and apphed For mstance, Linnaeus is said to 
have recommended that freshly cut logs be floated in water to 
prevent mjury by borers — a very effective method that is in 
use today 

Previous to 1800, forest entomology, as such, did not exist 
There were no speciahsts in this subject, and the studies of tree 
insects were conducted by men whose pnmary interest was in 
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other lines of work. The j&rst attempt to gather together all 
available information concerning forest insects was that of 
Beckstem and Scharfenberg who published, in 1804 and 1805, 
two volumes entitled, '^VoUstkndige Naturgeschichte der fur 
den Wald schadhchen und nutzlichen Forstinsekten.” This 
was a very pretentious compendium of forest insect information, 
and for a period of 30 years was the only general work available 
on the subject 

The Period of Ratzeburg. — Then there appeared a monumental 
work which even today has never been surpassed in excellence 



Fia 9 — Dr Karl Eschenoh of the University of Mtlnohen, Germany He 
IB an outfltandmg figure in forest entomology and has contributed greatly to the 
advancement of this subject especially m Germany (jK N Chapman ) 

and scope This was Ratzeburg's “Die Forstinsekten ” Ratze- 
burg was the first man to devote all his energies to forest ento- 
mology and he has frequently been called the father of forest 
entomology. He hved in an age when specialization was the 
exception rather than the rule. Even he attempted at first 
to cover forest pathology as well as forest entomology, but he 
soon found that these two subjects were too extensive to be 
handled effectively by any one man. His later work, therefore, 
was confined to the field of entomology 

The first volume of “Die Forstinsekten” appeared m 1837, 
the second in 1840, and the third m 1844 He also pubhshed a 
handbook, “Die Walverderber und ihr Femde,” that summanzed 
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in more condensed form the material contained in “ Die Forstir 
sekten The demand for this handbook was so great that b 
1869 it appeared m its sixth edition. After Ratzeburg^s deatt 
in 1871, this book continued to appear m new editions edite 
by his successors Judeich and Nitsche pubhshed a book whic 
purported to be a revision of this work of Ratzeburg’s (188£ 
in two volumes under the title '^Lehrbuch der mitteleuropaische 
Forstinsektenkunde.’’ Still more recently, Eschench has put 
hshed a new edition, which is a masterpiece of its kind, under th 
title ^‘Die Forstinsekten Mitteleuropas '' Eschench (Fig. 9) he 
added much new matenal and has rewritten the older portion ( 
the book, thus making a thoroughly modern presentation of tf 
subject. Ratzeburg continued to pubhsh during his long an 
productive life. One of his best-known works is his '^Ichnei 
moniden der Forstinsekten,’ ' published in three parts m 184* 
1848, and 1852 Ratzeburg dominated the period during whic 
he hved. But although he stood head and shoulders above h 
contemporanes, there were other workers who made very vah 
able contributions to the science of forest entomology Amor 
them we find Kollar, Hartig, and Nordhnger m Germany, an 
Perns in France. The most important contnbution of Kolh 
is a Treatise on Insects Injurious to Gardens, Forests an 
Farms ” It has been translated from the German. Perns 
credited with the first expenmental studies in forest entomolog; 
He cut trees at different seasons and studied the life history an 
habits of the various insects that attacked them His greatei 
contribution was the “Histoire des Insectes du Pm Mantune, 
which appeared in ten parts between 1851 and 1870 m the Anna 
of the Entomological Society of France. 

The Period of Eichhoff. — Up to the time of Ratzeburg 
death, the chief emphasis in forest entomology was placed on tl 
biological studies. These mvestigations were often in the natui 
of general natural history studies and were usually not base 
upon controlled expenmental evidence The work of Eichhc 
ushered in a new era which made of forest entomology a mo 
exact science than it had previously been. By combimng caref 
biological experiments and detailed systematic studies, he cleare 
up many misconceived notions concerning the biology of bai 
beetles and set up a model for other mvestigators to follow H 
outstanding contribution, entitled ‘'Europaischen Borkenkafer 
was pubhshed m 1881. 
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During the later part of the nineteenth century there were, 
particularly m Germany, many workers who devoted a part or 



Fiq 10 — Dr J. W Munro, one of England’s foremost forest entomologists 

N Chapman ) 



Fig 11 — Dr J M Swajne, Chief of the Division of Forest Insects, Entomologi- 
cal branch of Canada, {Bureau of Eviomogy, U S. Dept Agr ) 

all of their tune to the study of forest insects Among them was 
AJtum, at Eberswalde who did much by his work to stimulate 
investigation and discussion as a result of the theories and hypo- 
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theses which he proposed. Nitsche, at the Forstakademie ir 
Tharand (Fig. 11), and Henschel, at the Agncultural High Schoo 
at Wien, were both outstanding teachers and investigators 
The Modem Period in Europe. — From the very beginning 
until the end of the nineteenth century European forest ento 
mologiflts looked to Germany for leadership This was the 
natural result of the tremendous amount of valuable pioneermg 
work on forest insects produced by the entomologists of thal 
country Since the beginnmg of the twentieth century a decidec 
change has been taking place until now m the modern perioc 



Fig 12. — Dr Ivar Trdgirdh, foremost forest ontomologist of Sweden. 

leaders in forest entomology, instead of being centered in a smglc 
country, are to be found throughout those parts of the old work 
where forests are economically important Germany still haj 
her great men m forest entomology who are contributing mud 
to the science; Eschench, Ehumbler, and Prell are some of these 
But they no longer stand alone Tragfirdh (Fig 12) m Sweden 
Saalas in Finland, and Munro (Fig. 10) m England, all mus 
be regarded as leaders m their field 
In Europe, the science of forest entomology has, in general 
passed through several more or less defimte periods The firs 
was the natural history period that was chareLcterized an( 
dominated by the work of Ratzeburg The second was th 
period of great taxonomic activity supplemented by experimenta 
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life-history studies Eichhoff characterizes this stage which 
was really the connecting hnk between the first penod and the 
third. In the third, or modem, period the great emphasis is 
placed on experimental biology One of the outstandmg figures 
in the early part of this period was Nusslm He has been 
followed by a host of other workers, among them Hennings 
who was the first to study bark beetles under controlled tempera- 
ture and humidity Unfortunately for forest entomology, his 
work was cut short by his untimely death 

DEVELOPMENT IN AMERICA 

DurmgRatzeburg^s penod of domination in Europe, an interest 
in tree insects was developmg m America. 

The Natural History Period in America. — The earher con- 
tributions m Amenca, like those in Europe, dealt largely with 
forest insect biology from the natural history viewpomt. These 
early wntmgs are both useful and mteresting to us today, but 
unfortunately they are so scattered in various publications that 
they are sometimes difficult to obtain. Fortunately, most of 
this material is referred to m the indexes already discussed 
Many articles on tree msects are mcluded in Hams' “Treatise 
on Some of the Insects Injurious to Vegetation" (1886) and in 
Fitch's Reports on “Noxious, Beneficial and Other Insects of the 
State of New York" (1856 to 1870) The reports and articles of 
Walsh, Riley, Lintner, Comstock, and Forbes also contam much 
information concermng forest insects. 

But it was not until 1890 that the first compendium on American 
forest insects was published At that time Packard brought 
together all the available material in the fifth report of the 
Entomological Commission of the U S Department of Agricul- 
ture entitled, “Insects Injurious to Forest and Shade Trees" 
This report contains a mass of valuable information concermng 
tree insects and is well illustrated by numerous plates and figures 
Packard included verbatim many of the important articles by 
Dther authors which are not, as a rule, easily accessible and this 
a«dds materially to the value of his book for reference. For 
y-ears, Packard's report was the only comprehensive work on 
American forest insects Then, m 1906, was pubhshed Memoir 8 
3 f the New York State Museum, by Felt, entitled “Insects 
Affecting Park and Woodland Trees " This added some new 
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information to that included in Packard's report, but its ch 
value was m its remarkably fine colored illustrations 
The Taxonomic-biological Period. — Then followed a pen 
when taxonomic-biological studies predominated in forest eni 
mological work This period was similar in character to t 
EichhofE penod m Europe, the influence of which was evide 
upon American work of the early part of the present centui 



Fig 13 — F C. Craighead, Chief of the Division of Forest Insects, llurcai 
Entomology, U S Department of Agriculture, studying ii western yellow i 
that IB mfeeted with dendrootonus beetles (J C Evondcii ) 


Hopkms in his bark-beetle studies has added much to \ 
knowledge of that group of msects both biologically and ta 
nonucally He was able by his work, like Eichhoff, to diE 
many incorrect views that had previously been held concern 
both the bark beetles and the bark weevils 
Most of the work of both Swame (Fig. 11) and Blackn 
belongs m the taxonomic-biological category, and some of 
earher work of Craighead was along similar lines, but at pres 
all three of these men are working along the lines of exp 
mental biology (Fig 13) 
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During the early periods in America the emphasis was placed 
on shade-tree insects Virgm forests were still suppl3ang an 
abundance of wood products, and the practice of forestry was 
practically unknown, because it was unnecessary. The few 
methods of forest-insect control that were mentioned in the 
pubhcations of that time were for the most part borrowed from 
contmental Europe. This situation has continued until very 
recently Even today tree insects are receiving much more 
attention as shade-tree pests than they are as enemies of the 
forest. A rapid change m pomt of emphasis is now takmg place. 

The Modem Period in America. — In Europe, the emphasis, 
amce the earhest development of the science, has been placed 
on insects of the forest This has been the result of economic 
conditions, characteristic of densely populated commumties, 
where a scarcity of wood has made the practice of forestry a 
necessity The forest entomological mvestigations, moreover, 
have been centered m the forest schools as an mtegral part of 
the forestry work In America, on the other hand, the work on 
tree insects has, until recently, been conducted m a large meas- 
ure by entomologists whose mterests and trainmg were m no 
way connected with forests or forestry As a result, the msects 
have been studied primarily for their own sake and their rela- 
tionship to the forest has consequently often been of subsidiary 
importance 

The modern viewpoint of forest entomology is qmte different, 
aowever As forestry has developed in America there has been 
xn ever-increasing need for information concermng the influence 
xf forest insects upon the forest Where in the past there were 
ilmost no men spending their entire time upon forest insect 
aroblems, there are now many capable men employed m this 
vork These men are mterested both m the insects themselves 
md in the forest, but their primary mterest is m the influence 
)f insects upon the forest 

This pomt of view has resulted during recent years m the 
ipphcation of experimental biological methods to forest ento- 
nological problems. The natural history method of study has 
leen largely abandoned, and taxonomy is no longer thought to 
le an end m itself but merely one of the useful tools of the 
profession Life-history studies are hkewise regarded as means 
;0 an end rather than ends m themselves The mterrelations 
)f insects with one another and with the various other elements 
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of the forest enviromnent are coming to be regarded as more 
and more important 

Thus the development of forest entomology in Amenca has 
passed through stages that are more or less comparable to the 
development of this branch of science m Europe. The first 
or natural history penod was contemporaneous with a similar 
period m Europe So also was the taxonomic-biological period 
contemporaneous with sunilar efforts in the Old World The 
apphcation of the methods of experimental biology, likewise, 
appeared m Europe and Amenca about the same time These 
methods have led to the recent rapid development in the fields 
of ecology, physiology, genetics, and biometry Forest ento- 
mology, like the other biological sciences, is now being built up 
rapidly on the basis of experimental work 



CHAPTER III 


BIOTIC POTENTIAL 

The actual abundance of forest insects in general and of any 
one species in particular will depend upon their ability to multi- 
ply, and to hve, in spite of the various destructive forces in their 
environment Before it can be ascertained what the actual 
abundance of any insect will be, one must take into careful 
consideration, in the first place, the abihty of that insect to 
multiply m the absence of any destructive force and, m the 
second place, the value of the sum total of all the environmental 
forces working toward destruction. In other words, life is the 
result of a struggle between the forces of potential creation 
and potential destruction Chapman (1925) has proposed apt 
terms for these two opposmg forces, namely hiotic potential and 
environmental resistance 

The factors which enter into the composition of these two 
forces wiU be discussed under the above terms in two separate 
chapters The relationship of the two forces to one another 
in producing insect abundance will be left to a third chapter 

THE RATE OF MULTIPLICATION 

The biotic potential of an insect species is its abihty to multi- 
ply m a given time when relieved of all environmental resistance 
It depends upon the rate of multiphcation and the sex ratio 
The rate of multiphcation, in turn, is determined by an insect’s 
fecundity and the length of the developmental period. 

Fecundity. — The ability to produce young is one of the basic 
factors determimng biotic potential Among insects there is a 
wide range of variation in this ability. The number of eggs that 
may be deposited by a single female may vary from a very few, 
as IS the case with some wasps, to hundreds of thousands, as with 
the termites i ' 

In general, the fecundity of insects is relatively high. Folsom 
(1922) quotes Mauw to the effect that two females of the broad- 
necked root borer, Pnonus laticolliSj were found to have m their 
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ovanes 332 and 597 eggs, respectively. He further cites Girault 
as authonty for the following data concerning the fecundity of 
certain species * 



Maximum | 

Minimum | 

Average 

The evergreen bagworm, Thymdopt&nx 
ephimercBformis 

The apple-tree tent-caterpillar, Malor^ 

1,649 

465 

941 

cosoma {Ch&iocampa) am&ncana 

466 

313 

376 6 

The scurfy scale, Chionaspis furfur a 

84 

33 

66 5 


Other investigations have shown that the white-pine weevil, 
Pissodes strobi, lays on the average 116 eggs per female (Graham 
1926), the spruce budworm, Archtps fumiferanaj 175, the 
forest tent-caterpillar, Malacosoma dtsstna^ about 300 (Fig 14) 
Counts made by the author's class in forest entomology showed 
that the scurfy scale, in the season of 1926, laid an average of 
26 6 eggs per female, with a maximum of 62 and a minimum of 6 
This is a considerable variation from the figures cited above 
The oyster-shell scale, Lepidosaphes ulrntj produced on the 
average 27.4 eggs per female, with a maximum of 68 and a mini- 
mum of 2. The white-marked tussock-moth produced on the 
average 231 8 eggs per female with a maximum of 467 and a 
minimum of 174 High as these figures are, it is improbable that 
in any of these cases the maximum possible number of eggs were 
deposited For mstance, dissection and examination of a senes 
of tussock-moth females showed an average of 476 fully developed 
eggs per female, with a maxunum of 764 and a mimmum of 202, 
much higher figures than those based on counts of the eggs 
actually deposited. 

Some msects possess a device which very materially increases 
their abihty to reproduce young This is called polyembryony. 
It occurs commonly among small hymenopterous parasites, 
notably the ProctotrupidsB A single egg deposited by an 
individual of a polyembryonic species produces many mdmduals 
(Fig 16). Such a species, although it may produce compara- 
tively few eggs, may still have a high rate of fecundity. 

Length of Developmental Period. — The rate of multiphcation 
18 dependent not only upon fecundity but, also, upon the length 
of time required for the completion of each generation Many 
insects develop slowly Certain species of Cerambycidffi, for 
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example, Monochamus confusor, the large pine sawyer, require 
under the most favorable conditions a full year to complete a 
generation There have been records of some borers that lay 
their eggs only in freshly cut logs emergmg as adults from furm- 
ture 20 years old. It must be admitted that such extremely long 
developmental periods are unusual even among wood borers and 
are the result of unusually adverse conditions A few msects, 



however, for example, the periodical cicada, 
have a normal life cycle almost as long as this. 

On the other hand, some of the fruit flies of 
the genus Drosophila, under favorable condi- 
tions, may complete their development from 
egg to adult in less than 1 week, and we may 
thus have from 10 to 20, or even more, gener- 
ations per year Thus the short life cycle of 
such insects, coupled with the high fecundity 
of the individual insects, makes possible a rate 



Fiq 14 Fio 16 

Fio 14 — An Ggg mass of the forest tont-caterpillar on an aspen twig Note 
that the ends of the cluster are cut off rather abruptly This charactenstio will 
distinguish the egg mass of the forest tcnt-caterpillar from other closely related 
species of tent-caterpillars 

Fig 15. — A moss of cocoons of a small hymenopterous parasite, spun upon the 
body of a dead sphinx larva The 40 or 50 parasites contained m these cocoons 
angmated from only a few eggs This illustrates the results of polyembryony 
{JJnmerafhty of Minnesota ) 


□f multiplication too great for the mind to comprehend. As an 
illustration of these tremendous possibilities the calculation of 
LeFroy (1909) concerning the unrestricted multiplication of 
Drosophila may well be cited He calculated that a single pair 
of fruit flies, if all their progeny lived and in turn reproduced 
themselves under favorable conditions, would in one year pro- 
duce a mass of flies that, if packed 1,000 to the cubic inch, would 
30ver the entire area of India to a depth of 100,000,000 miles or 
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would cover the earth to a depth of 1,000,000 miles Such a 
potential seems almost beyond belief since, owmg to the effects 
of environmental resistance, the complete realization of such a 
possibihty may never be seen Nevertheless, the immense power 
of the biotic potential must not be overlooked 

SEX RATIO 

The next of the important factors determming the biotic 
potential of a species is the proportion of males and females that 
is characteristic of the species This proportion is deter min ed, 
in part at least, by the habits of reproduction 

Habits of Reproduction. — Sexual reproduction is the type most 
commonly found among insects, although either partial or com- 
plete parthenogenesis is characteristic of many species This 
latter habit of reproduction occurs very commonly among 
the Hymenoptera. That important forest pest the larch sawfly, 
Lygeonemaius encsoniij is partly parthenogenetic So also are 
plant lice, which give birth parthenogenetically to many genera- 
tions of aganuc females. In this way, many more individuals are 
produced durmg a season than would be possible under sexual 
reproduction 

In general, the females predominate in parthenogenetic species. 
This holds true in the case of the larch sawfly which has 96 
females to 4 males With such a high proportion of females the 
number of progeny resulting from any one generation of this 
species IS much greater than would be the case under the usual 
proportion of the sexes, that is, approximately one-half males and 
one-half females. The ratio of females to the total population 
IS known as the sex ratio and must be taken into consideration m 
calculatmg biotic potential. The sex ratio of a species is deter- 
mmed by dividing the number of females in a given group by the 
total number of mdivi duals in that group. Thus, if the sexes 
occur in equal numbers, the sex ratio will be 0 5. In a purely 
parthenogenetic species, in which no males occur, the sex ratio 
will be 1 0. In the case of the larch sawfly, mentioned above, 
the sex ratio is 0,96. 

The Effect of Sex Ratio. — The important part that sex ratio 
play^ in determimng the biotic potential of a species may be 
illustrated by a simple calciilation comparing two hypothetical 
insect species, one of which produces equal numbers of males 
and females, while the other produces* a great predominance 
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of females. We will assume that each of these species lays 100 
eggs per female. If we start with two mdmduals of each species 
and calculate the rate of multiphcation for each through five 
generations of progeny, assummg that each female lays her full 
quota of eggs and that every egg produces an adult individual, 
we shall see a great difference in the final numbers for each 
species 


Table I — Hypothetical Young Produced during Five Generations 
Generations 


Species 
No 1 


Species I 
No 2 


Males 1 


Totals 
Males 0 


First 

Second | 

Third 

Fourth 

Fifth 

50 

2,600 

126,000 

6,260,000 

312,500,000 

60 

2,600 

126,000 

6,260,000 

312,600,000 

100 

6,000 

260,000 

12,600,000 

625,000,000 

0 

0 

0 

0 

0 

200 

20,000 2 

1,000,000 

200,000,000 

20,000,000,000 


Totals 200 20 , 000 2 , 000 , 000 200 , 000 , 000 20 , 000 , 000 , 000 


In the fifth generation, it will be seen that species Number 1 in 
which the males and females are of equal number has reached a 
total of 625,000,000 mdmduals, while species Number 2 com- 
posed solely of females has a total of 20,000,000,000 Thus, 
it IS evident that sex ratio is of vast importance m determimng 
biotic potential because it expresses the numbers of individuals 
in each generation of a species that are capable of producing new 
individuals 


THE CALCULATION OF BIOTIC POTENTIAL 

Unless a specific numerical value for the biotic potential of 
a species can be assigned, the term can have little or no practical 
significance. Until now it has been impossible to arrive at 
such a value because the knowledge of the factors concerned 
has not been sufficient 

In order to calculate the value of the biotic {potential of a 
species, all of the factors that have just been discussed must be 
taken into consideration. The number of ovules that a single 
typical female is capable of producing, the number of gen- 
erations that will be produced in a given time under optimum 
conditions, and the sex ratio all must be known The values 
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for these factors are, so far as known, practically constant for 
any species of insect existing under ideal conditions, and they 
are sometimes called the constants for that species If these 
constants are known, then the biotic potential of any species may 
be calculated 

Values for Fecundity. — Since, according to the defimtion, these 
constants represent values for factors when the insect species is 
under ideal conditions, any statistics obtained from insects livmg 
under ordmary natural conditions, which are usually not ideal, 
cannot be taken In the case of fecundity, for instance, it is not 
the number of eggs which a typical female of a species actually 
lays that is the constant for that species but the number she is 
capable of laying To secure this potential number several 
methods may be used The most accurate would be to rear a 
number of females from eggs to adults under ideal conditions 
and count the total egg production of each This method is both 
difficult and time consuming; therefore some easier way is 
desirable. 

One method that is easier but, unfortunately, not so accurate 
is to count the fully developed eggs in the ovaries of gravid 
females that have never laid eggs and assume the maximum 
number found in any one female to be the constant for that 
species. This method gives an approximate value for fecundity 
which may be used tentatively for those insects that lay their 
full quota of eggs within a few days It cannot be used as an 
index of fecundity in species having a long period of oviposition, 
because such species contmue to mature eggs throughout their 
hves 

A similar, but more difficult, method has been suggested that 
may prove to be more accurate This consists of counting the 
number of primary oocytes in the ovaries of recently matured 
females. It is thought that the number of primaiy oocytes 
may be the same for aU the individuals of a species If this be 
true and if it could be assumed that from every oocyte an egg 
would be produced, then a method would be found which would 
be less difficult than the counting of eggs from females reared 
under optimum conditions through all stages from egg to adult, 
and one that would be more accurate than the counting of eggs 
in gravid females hving under natural conditions Until these 
assumptions are proved correct, it will be necessary in determin- 
ing a constant for fecundity to use the most accurate values 
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obtainable either from rearing studies or from egg counts m 
gravid females 

Values for Other Factors. — The values for the other factors 
that enter into the calculation of biotic potential are more 
easily obtamed. For instance, the determination of the sex 
ratio may be accomphshed by rearing a large number of individ- 
uals and determining the number of each sex in the group. 
The number of generations in a given period and the number 
of mdmduals produced from a single egg may also be deter- 
mined by simple rearing experiments. Chapman, in the calcula- 
tion of biotic potential has used with adaptations a mathematical 
formula, proposed by Thompson (1922) to express the number 
of progeny that will result from a given population in any 
number of generations In this formula p represents the ongmal 
population, which in the calculation of biotic potential will be 
a single pair, z represents the product of the number of eggs per 
female and the sex ratio, and n represents the number of genera- 
tions in a given time Then the number of progeny in n genera- 
tions IS This formula is sound except when dealing with 

species which are polyembryonic, in which case it is neces- 
sary to include that factor also For instance if y represents the 
number of progeny ansmg from a smgle egg the formula will 
then read 

For example, if it is assumed that the egg-laying capacity of 
the white-marked tussock-moth is 764 eggs per female (the 
maximum number of fully developed eggs recorded as found in 
gravid females), the sex ratio is 0 5, the number of individuals 
produced from an egg is 1, and the number of generations per 
/ear is 1, then the annual biotic potential for the species, startmg 
with a smgle pair is (2 X 382 X 1)^ = 764 If, however, this 
were a polyembryomc species producmg 4 individuals from a 
single egg, and if it passed through two generations per seasons 
bhe biotic potential would be (2 X 382 X 4)® = 9,339,136 

This simple calculation demonstrates clearly the importance 
Df each of the various factors of biotic potential. Fortunately for 
nan, this stupendous potential of creation is held in check by 
;he forces of destruction that will be analysed in the following 
jhapter 
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ENVIRONMENTAL RESISTANCE 

Environmental resistance is the sum of all the factors m an 
environinent that tend to reduce the rate of insect multiphcation 
The factors which are combmed to produce this force, so far as 
forest insects are concerned, may be divided into four pnncipal 
groups, physical, nutritional, plant physiological, and biotic 
These groups will be considered separately 

PHYSICAL FACTORS 

Perhaps of all the limiting factors of the insect^s environment 
the physical group has received the most intensive study and is 
best understood. But the knowledge of even this group is still 
far from complete It is known in general that tempera- 
ture plays an important r6le in determimng the rate of msect 
development and also the possible distnbution of all insects, 
but there are comparatively few species the temperature reac- 
tions of which are definitely known Likewise, the effects on 
all species of hght, moisture, air movement, and all the other 
factors that are thought of in connection with chmate and 
weather are far from fuHy understood Nevertheless, much 
important progress has been made along these lines. In the 
following pages some of the more important effects of the action 
of these ph 3 rsical factors upon msect activities will be discussed 

Temperature. — One of the most important physical factorE 
that regulates insect activity is temperature. Each species o1 
insect has a defimte range of temperature withm which it i£ 
able to hve. Temperatures above or below this range result u 
the msect’s death Near the upper and the lower endurable 
limits are the dormant zones in which all external movemen 
ceases When an insect is in the lower of these zones, it is saic 
to be m hibernation; when it is m the upper zone, it is said to b< 
m a state of estivation Between these dormant or lethal zone 
hes the zone of activity or, as it is sometimes called, the zon 
of effective tem'peratme. 
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As the temperature rises above the zone of hibernation m the 
effective zone, it becomes more and more favorable for msect 
development until an optimum point is reached. As the tem- 
oerature rises above the optimum, conditions become less and 
ess favorable, until all activity ceases when the zone of estivation 
s reached 

The temperature requirements of insects vary with the species 
Some species are active at a temperature only slightly above the 
reezing pomt of water, whereas most species are active only at 


% 
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Fra 10 — Graph illustrating the effect of high temperature upon adults of the 
Jsam-fir bark-beetle, Piiyoktehnc^ sparaus The temperatures are subcortical 
d are, of necessity, only approximate Practically none of the beetles are able 
survive a temperature higher than 48® C 


mperatures above 15° C The optimum temperature for most 
sects IS m the neighborhood of 26° C., and estivation usually 
•gma at from 38 to 46° C For many insects, 48° C. (Fig 16) is 
e point of fatality at high temperatures although some of the 
at-resistant forms, for example Chrysobothris, can endure a tem- 
rature of 52° C for a short period (Graham, 1922). The low 
tal temperature vanes both with the species and with the sea- 
n. It has been shown that the same species is able to endure 
ich more cold m the fall and wmter than in the spnng and 
cnmer (Payne, 1926). The width of the zone of hibernation is 
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SO variable that no general statement regarding the usual point of 
fatahty at low temperature can be made. All that can be said is 
that tropical species are, as a rule, much more susceptible to cold 
than are the temperate species 

This brings us to a consideration of the influence of temperature 
factors upon the distribution of insects. Several more or less 
successful attempts have been made to determine hfe zones on 
the basis of the sums of effective temperatures for different 
locahties. Memam (1898) used this basis for the construction 
of the life zones that are generally used in biological work (Fig. 
17) Sanderson (1908) has shown, however, that insects do not 
always occur m every locahty where the total of effective tem- 
perature IS sufficient to make possible their complete develop- 
ment Thus even though there may be a sufficiency of warm 
weather m the summer, a species may be kept out of a locahty as 
a result of extremes of cold in the winter For mstance, the 
northward distribution of the gypsy and the brown-tail moths is 
defimtely hmited by low winter temperatures (Summers, 1922), 
and it is probable that owing to this neither of these insects will 
ever reach the northernmost point at which summer temperatures 
are favorable. 

A very useful empirical law has been developed by Hopkins 
(1920 and 1921) which is knowm as “Hopkins biochmatic law.” 
By the use of this law it is possible to prophesy from known con- 
ditions m one locality what conditions will exist in another 
locahty. According to this law any periodical biological phenom- 
enon — such as the emergence of insects from hibernation, the 
spring awakemng of vegetation, or the entrance of msects into 
hibernation — is correlated with latitude, longitude, and altitude. 
The law may be stated as follows : Other conditions being equal, 
the variation in time of any penodical event m temperate 
North America occurring m the spring and early summer is at 
the general rate of 4 days later to each degree of latitude north- 
ward, or 6 degrees of longitude eastward, or 400 feet of altitude 
upward. In the late summer and fall, conditions are reversed 
This law appears to hold reasonably well for at least those por- 
tions of temperate North America east of the Rocky Mountains. 
Consideration of this law shows clearly that, on the basis of 
temperature alone, a high mountam range might prove an 
impassable geographical barrier to the spread of animals or 
plants from one region to another. 




PiQ. 17 — ^Life -zoiies of Memam {Biol Survey, U S. Dept Agr.^ 
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In the preceding discussion we have seen how temperature 
limits the geographical distribution of insects. It also limits 
with equal certainty the local distribution of these forms of life. 
The local temperature varies greatly within very short distances. 
For instance, on a bright day m summer the temperature at the 
surface of the ground may be as much as 50° C higher than the 
air temperature at breast height A difference of from 10 to 
20° C between surface temperature and the temperature one 
foot above the surface is not at all uncommon With such a 
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1924) (Fig 19). Such temperatures are far above the fatal point 
for all insects, and so on the upper side of logs lying in the sun 
there is usually a stenie zone. On the sides where lower tem- 
peratures prevaal, the insects occur in greatest numbers; while 
on the lower side, where umformly cool conditions are found, 
there exist only those species that are able to hve under cool 
conditions The fatal effect of high temperature upon log- 
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Fig 19 — Graph illustrating the daily fluctuation of suboortioal temperature, 
expressed in dogroea Centigrade, on the upper side of white-pme logs lying under 
different light conditions Subcortical temperature m full sun is represented by 
the solid hne, m full shade by the short dashes The subcortical temperatures at 
noon for logs m two-thu-d sun, one-half sun, and one-fourth sun are indicated by 
the cross, the circle, and the dot, respectively Doily fluctuations in subcortical 
temperature are due chiefly to fluctuations m air temperature and hght mtensity. 
Air temperature at noon is indicated m degrees Centigrade along the bottom edge 
of the graph, light mtensity by the broken hne Note the variation m the effect 
of these factors under different shade conditions 


inhabiting msects is made use of, as will be shown later, m insect 
control 

Temperature not only affects the geographical and local 
distribution of insects but it also regulates the rate of insect 
development In general, the rate of development increases in 
proportion to the mcrease m temperature until the point of 
optimum temperature is reached The rate of this mcrease 
vanes somewhat at different temperatures and with different 
species, but, m general, an mcrease of 10° C doubles the rate of 
development Sanderson and Peairs (1913), Peairs (1927), 
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Krogh (1914) and other workers have expressed the increase in 
velocity of development more accurately, statmg that the rate of 
development increases directly with the temperature, the develop- 
mental curve being a segment of a true mathematical hyperbola 
Since the reciprocals for the points on an hyperbola fall, by 
definition, m a straight hne, then if we plot the reciprocals of 
two points and connect them by a straight hne, it will be possible 
to compute the rate of development at any other point. Above 
the optimum pomt a reduction in rate of development occurs 
with increasmg temperature until at a high temperature the rate 
of development is reduced to zero 

Light. — The reactions of insects to light are not very different 
from their reactions to temperature and, since these factors are 
usually closely associated with one another, and since they gener- 
ally vary synchronously, it is often dijKcult to determine whether 
the effects are produced by the one or by the other. 

Theoretically, it seems possible to divide hght, just as we do 
temperature, into optimum, effective, lethal, and fatal zones 
In as much as all msects respond either positively or negatively to 
hght, it may be assumed that the optimum condition vanes 
greatly with different species. The stimulating effect of hght 
on certain species is well illustrated by the reaction of Chrysobo- 
thns adults These beetles remam mactive on cloudy days when 
the air temperature may be as high as, or higher than, the tem- 
perature on some sunny days when they are active Carpenter 
(1908) has shown that the convulsive motor reactions of Droso- 
phila, which normally occur at a temperature of 39° C , appear 
at 30° C. under the rays of a strong hght of 480 candle power 
Although certain insects are not able to endure strong light, it 
seems probable that light under natural conditions rather seldom 
goes beyond the hmits of toleration of most species It is true, 
however, that the presence or absence of hght determines to a 
greater or less extent the local distribution of msects Those that 
are positively phototropic or hehotropic will be found for the 
most part in the open, whereas those that respond negatively 
wiU be found m the soil, under rocks or bark, or in some other 
dark location In some instances hght appears to be an impor- 
tant factor in determinmg the place of oviposition of certain 
insects. For instance. Chapman (1915) has shown that the two- 
hned borer, Agrilus bihneatuSj deposits its eggs by preference 
upon trees exposed to full sunlight (Fig 20). This is apparently 
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also truG of the bronze birch-borer, Agrilus anxius. From this 
discussion we see that light is difficult to separate in its effects 
from temperature, but there is good evidence to indicate that this 
factor IS important in the life of insects. 



Fio 20 —Rod oak trees standing in fuU aunUght are especia^y susceptible to 
injury by Agnlus {^Utit'ocrstty of M^nnesotd j 

Moisture. — Another physical factor of the environment which 
plays an important part in insect activity is moisture As with 
all other forms of life, so it is with msects. both their distnbution 
and development are dependent on the presence of water m the 
environment The effectiveness of heat in stimulating or retard- 
ing the velocity of insect development is also influenced by the 


40 


PRINCIPLES OF FOREST ENTOMOLOGY 


amount of moisture present. Under favorable moisture condi- 
tions an insect is not as susceptible to extremes of temperature 
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Fiq 21 — Graph showing the combined efifoot of temperature and relative 
humidity upon the activity of the cotton-boll weevil {Bureau of Entomolony, 
U S Dept Agr) 


aa it would be under unfavorable moisture conditions (Pierce, 
1916) (Fig 21) 
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With moisture, as well as with temperature, each species has 
defimte requirements with optimum and effective zones The 
extreme zones (lethal or fatal) are less clearly marked than is the 
case with heat. Under ordinary conditions, an excess or defi- 
ciency of moisture does not result m an msect^s immediate death 
but only in a disturbance of its activities. There are, however, 
certain outstanding instances of forest insects that are defimtely 
limited in their activities by the moisture factor. The powder- 
post beetles, for instance, cannot hve m moist wood (Snyder, 
1926), whereas the ambrosia beetles cannot develop m dry wood 
The rate of development of other wood-bonng species may be 
gi'eatly reduced by the desiccation of the wood. In fact, there 
are cases on record m which a wood borer havmg a normal life 
cycle of 1 or 2 years has required, because of unusually dry 
conditions, 20 years or more to reach maturity 
Climate and Weather. — In view of the important effect that 
any one of these factors of temperature, light, or moisture may 
have on the hfe of forest msects, it is evident that, when all 
three are combined and joined with still other factors the result- 
ing complex, which we call weather or climate, must be of fun- 
damental importance m considermg forest msect problems 
Climate is the result of the combmed action of all the physical 
factors of the environment over a long period of time and, so far 
as meteorological evidence is concerned, appears to be relatively 
stable m the same locahty It forms the basis of Hopkms' 
biochmatic law and of Memam’s life zones 

Weather, on the other hand, is the result of the combined action 
of aU the physical factors of the environment at any given tune, 
and it varies from hour to hour, day to day, and week to week 
It influences the abundance of msects and the rate of develop- 
ment from year to year, and from season to season, m every 
locahty With insects of the forest, as weU as with others, 
weather conditions are exceedmgly important m regulatmg 
abundance A late frost in the sprmg after the eggs of the forest 
tent-caterpiUar have hatched may result in the starvation of 
almost aU the young larvse of that species (Blackman, 1918). 
The same thmg is true of all leaf eaters that feed upon deciduous 
trees Heavy rains during the larval stage of insects that feed 
on the exposed surfaces of trees may wash off and destroy 
large numbers of such insects and thus reduce the possibility of 
their becoming epidemic Cool weather dunng the develop- 
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mental period may ao lengthen the larval or nymphal stage that 
a much larger proportion of the species may fall prey to their 
enemies than would otherwise be the case. Also moist warm 
weather may make possible outbreaks of entomophagous diseases 
On the one hand, dry weather may so reduce the vegetative 
growth of trees on which certain species feed that great mjury 
results from the activities of only a normal number of pests, 
or, on the other hand, an unusually luxuriant growth may over- 
come effects of an insect attack that might in the average season 
produce great injury to the trees. In the case of most defohat- 
mg msects, high temperatures combmed with hght rainfall tend 
to favor insect development and to encourage outbreaks 

The various ph 3 rsical factors discussed above may be much 
better understood than any of the other limiting factors of the 
insect environment, but it would be erroneous to assume that 
there are not other factors equally important entering mto 
environmental resistance These will be discussed under the 
headings of nutritional, physiological, and biotic factors 

NUTRITIONAL FACTORS 

The physical factors of the environment do not lend themselves 
to regulation, whereas the nutritional factors may often bo 
controlled with a reasonable degree of exactness. If the food 
conditions can be so controlled that outbreaks of pests are 
improbable even with weather favorable for msects, then we can 
cease to disturb ourselves concerning the effects of weather upon 
the rate of insect multiphcation For this reason, if for no other, 
we should be particularly interested m the nutritional factors 

Quantity of Food. — It is an accepted biologic law that, other 
thmgs bemg favorable, an organism will eventually multiply 
to the limit of its food supply. As a rule, the more numerous the 
individuals of a tree species, the more abimdant are its insect 
enemies When there is an unlimited and convement supply of a 
certain species of trees, then the stage is set for an outbreak of 
the insect pests of that tree. 

The spruce budworm outbreaks in eastern United States and 
Canada, as will be shown later, are associated with an over- 
abundance of balsam fir, and possibly white spruce (Figs 22, 
23). Similarly, the larch sawfly outbreaks have undoubtedly 
been stimulated by large volumes of tamarack, and forest 
tent-caterpillar outbreaks by extensive stands of poplar or 
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Fig 22 — portion of the Superior National Forest heavily injured by the 
spruce budworm Balsam fir was the predommant tree m this forest and was 
almost completely destroyed Most of the standmg trees m the background are 
dead except the birch which was overtopped by the balsam fir 



Fig 23 — A mixed forest of pine, spruce, fir, and hardwoods m the same region 
os that shown in Fig 22 Although surrounded by a heavy spruce-budworm 
outbreak this forest suffered comparatively slight mjury 
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other suitable food trees Our forest and shade trees are often 
listed according to their susceptibihty to insect attack. On 
examination of these hsts it is found, with rare exceptions, 
that the species hsted as insect resistant are those which do not 
occur commonly m large masses. Norway or red pine is usually 
classed as msect resistant but accurately speaking it cannot be 
said that this and similar species are any more resistant than 
other species Their apparent resistance is due to their relative 



Fig 24 — A jack pine more than 80 per cent defoliated by tho apruco bud- 
worm and the jack-pme sawfly working together This sort of injury la coinmoii 
where j ack pmo occurs over largo areas. 

scarcity m the forest. It is qmte certam that if the proportion 
of these species were greatly increased, some of the many insects 
that now occur upon them in innocuous numbers would become 
senous pests 

At one time, jack pine was regarded as an msect-resistant 
species, but now it is bemg senously attacked by a number of 
dangerous pests (Fig 24). The reason for this apparent change 
in susceptibihty may probably be explained by the fact that 
in the range of the jack pme this species has largely replaced the 
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white and nor way pine which a few years ago formed the major 
portion of the virgm forest m the Lake States This has meant 
a tremendous multiphcation m the quantity of jack pme Today 
instead of only scattered blocks of jack pme on lands too poor 
to support other species, we have vast areas over which this 
species IS predommant Thus the quantity of food available 
becomes an important factor m regulatmg insect abundance 
Kind and Quality of Food. — The abundance of forest insects 
and the length of the developmental period are also limited by the 



Fiq 25 — Work of the spruce budworm on a young jack-pme shoot The 
larvae of this insect must complete their growth while the young needles are soft 
and succulent 

kind and quality of food which they are able to use An insect 
species, for instance, that feeds only on the succulent tissues of 
the cambium region must complete its feeding penod quickly 
while the perishable material upon which it feeds is still m usable 
condition Although perishable, this food is comparatively high 
in food value We should expect, therefore, that the cambium 
region would be filled with an abundance of msects, each with a 
short developmental penod, and this is exactly the condition 
that exists there. 
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By the nature of their food, leaf-eating species are, with a very 
few exceptions, hmited to a single season or even to a short part 
of one season for their development Few leaf eaters can pass 
the winter as partly grown larvae; consequently they must 
complete their development before the leaves drop m the autumn 
In some cases the length of the developmental period is hmited 
to a few weeks during which the foliage is soft and succulent 
(Fig 26). 

With the wood borers, on the other hand, feeding as they do 
upon a medium that changes very slowly it is not at all uncommon 
to find their life cycle -extendmg over several years. Many of 
the wood-bonng species, hke some of CerambycidsB and Bupres- 
tidse, feed for a tune in the cambium region before entering 
the sohd wood. In this way the young larvae are provided with 
more nourishing and more easily digestible food than are the 
larger larvse This suggests that the powers of digestion of these 
species are better in the later than m the earlier stages. Other 
insects, hke the Smcidffi, are able to digest solid wood from the 
earliest stages and are exclusively eaters of solid wood 

On the basis of these facts, it is seen that aU tree insects do not 
have the same food requirements some require leaves, some find 
the cambium region to their liking, and still others are able to 
wrest their living from the solid wood As the wood is worked 
over by insects and fungi, its chemical and physical character 
changes, and with this change new species of insects replace 
those which attacked the hving tree or recently cut log These 
in turn are replaced by others until m the last stage of decom- 
position the population is identical with that of the duff stratum 
of forest soils Thus there is a continuous succession of insect 
species inhabiting the tree from the fresh green condition of the 
newly feUed or killed tree to the completely decomposed condition 

During the process of disintegration there is, in many instances, 
a close relationship between fungi and msects In some cases, 
particularly m the early stages, a true symbiotic relationship can 
be demonstrated (Baumberger, 1919). Just as the fruit flies 
can develop normally only where bacteria or fungi are present 
to aid in the elaboration of raw food so in the case of many 
wood borers, fungi must be present to alter the character of the 
wood thereby making the food materials available for the insects 
In some cases, hke that of the ambrosia beetles, the fungus 
furnishes the entire food of the insect, and the galleries that are 
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3ut into the wood by the insects serve only for shelter and a place 
For the food fungus to grow 

Host Selection. — Most species of forest insects are limited in 
their feeding either to one species of tree or to a more or less 
prescnbed group of species. The locust borer, for example, 
feeds only on the black locust, the sugar-maple borer attacks 
only maples, the larch sawfly defoliates only larch, the Nantucket 
pine moth infests only the pines, the spruce budworm is con- 
fined to a comparatively limited group of conifers 

When an insect attacks only one species of tree, its control 
presents a comparatively simple problem, but when it is a 
general feeder, hke the gypsy moth, the problem becomes much 
more complex Fortunately with many species that feed on a 
variety of hosts the problem is simplified by the fact that there 
IS a strong tendency for an insect to oviposit on the host upon 
which it was reared This is called Hopkins’ host-selection 
'principle (Craighead, 1921), and it apparently holds true for 
many of the Cerambycidse and for some Ipidse Prehminary 
evidence mdicates that it holds true within certam limits for 
the spruce budworm. Further work along this line may show 
that this principle may be applied much more generally than is 
now known to be the case 

Perhaps the operation of this principle has in the past ages 
given rise to new species by developing first biologic varieties 
hmited to a single host and later to forms distinct morpholog- 
ically as well However this may be, whenever host selection 
occurs control ’measures are simplified thereby, because each 
biological variety may then be treated as if it were an mdividual 
species 

PLANT PHYSIOLOGICAL FACTORS 

Trees possess certain physiological characteristics which 
result m producmg, in varying degree, a certain real abihty to 
resist insect attack. These characteristics, by making environ- 
mental conditions less favorable for the msect than would 
otherwise be the case, increase the force of environmental resist- 
ance working against the insect 

Rapidity of Growth. — Vigorous trees growing rapidly suffer 
less from insect injury than do trees of the same species that are 
growmg more slowly Rapid growth has a double effect in that 
it actually makes the tree more resistant to both attack and 
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Fig 26 — Pitch tubes on a western yellow pme that has been attacked by 
Dendroctonua bremcomu {Entcmiologuiai Branchy Can Dept Agr ) 
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injury. The more rapidly a tree grows, the shorter will be its 
period of exposure to the senes of pests that may attack it 
during the vanous stages of its growth. This shortening of 
each of these stages is m itself a form of resistance, but the 
rapidly growing tree exhibits still other characteristics that 
make it less susceptible to attack than its slower growing and 
less vigorous brothers. 

One of these charactenstics is the copious flow of sap, or resin, 
that exudes from wounds of fast growmg, vigorous trees This 
flow of resin will dnve out, or overwhelm and kill, almost any 
of the cambium borers, before they can become established m 
the tree Such a tree, except when it is attacked simultaneously 
by large numbers of these insects, is able to resist attack success- 
fully In forests where Dendroctonus beetles are working, it 
IS not at all uncommon to find trees that have successfully 
repelled attack, even in the areas of heaviest infestation. Such 
trees are usually covered with “pitch tubes,” formed by hardened 
resin that exuded at each point of attack (Fig 26). On examin- 
ing these trees the beetles will be found entombed in some tunnels 
in the mass of resin filling their galleries while other tunnels 
will be deserted 

Other mterestmg examples of resistance to attack by vigorous 
growth may be cited For instance, some of the buprestids 
sometimes deposit their eggs upon trees that are fairly thrifty. 
These eggs wiU hatch and the larvae wiU penetrate mto the bark. 
In order to develop, these larvae must feed in the cambium for a 
time at least, but they can feed only on the cambium of decrepit 
trees or freshly cut logs Therefore when they reach the cam- 
bium layer of a healthy tree they are forced to turn back into 
the bark because they are unable to find suitable food and there 
they die a hngermg death These small buprestid larvae fre- 
quently have been found starving in the bark of healthy jack- 
pine trees 

Foliage Characteristics. — Sometimes a tree species may resist 
insect attack because of certain characteristics of its fohage. 
The lack of synchronization between the spruce budworm and 
the black spruce illustrates well this kmd of resistance. A 
detailed discussion of this relationship will be taken up later, 
but it deserves mention here because it illustrates one type of 
physiological resistance When the young budworms emerge 
from hibernation they require tender fresh fohage for food 
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Their time of emergence is about 2 weeks prior to the opemng 
of the black-spruce buds, consequently in a stand of pure black 
spruce the larvae are faced with a food shortage in the early 
part of the season. Some of them will find the green tissues 
that they require by bonng mto a bud, but many of them will 
fail to do this and will pensh. Thus the black spruce is able to 
reduce budworm abundance. 

The white spruce also has a means of reducing the number 
of budworm larvae feeding upon it. Unlike the black spruce 
the buds of the white spruce open at a time smtable for the 
budworm, but the white spruce needles harden and become 
unpalatable before all the larvae reach full growth. Many of 
them perish when they are forced to leave the trees on which 
they have been feeding to seek more suitable food Still 
another illustration of how a foliage characteristic may prevent 
the attack of an insect is the way by which the European-elm 
miner is prevented from attacking the American elm. The 
leaves of our native elms are much thinner than those of the 
European species and do not provide enough space to accommo- 
date the miner. 

Distasteful Characteristics. — Certain trees apparently possess 
immumty from insect pests because they are unattractive or 
actually distasteful to the insects. Just what these charac- 
teristics really are is not known but that they exist cannot be 
doubted. They are often not possessed by all the individuals 
of a species in the same degree. Some trees may be practically 
immune to attack while a neighbormg tree will be highly 
susceptible. 

A striking example of the variation in this respect is to bo 
observed m a certain plantation of norway spruce in the 
Sagmaw forest, one of the forest properties of the Umversity of 
Michigan. This plantation has been rather heavily attacked by 
an adelgid, often called the * ^spruce-gall aphid.” Many of the 
trees are heavily attacked while others are absolutely untouched 
Even when the branches of an immune tree interlock with those 
of a heavily infested tree, the immune tree will remain uninfested 

It IS said that certam individual spruce trees in Europe show 
a decided resistance to the attack of that much dreaded forest 
defoliator, the nun moth. The larvae refuse to feed upon the 
needles of these resistant trees but, accordmg to Prell, when 
branches are cut and placed m water for 24 hours, they will then 



ENVIRONMENTAL RESISTANCE 


51 


)e accepted as food. This may indicate that some volatile 
epellent substance not present in other trees of the same species 
lonstitutes the active agency that prevents the insect from 
bttacking these resistant individuals 

BIOTIC FACTORS 

The last of the environmental factors tending to hmit the 
Qultiphcation of forest insects are biotic factors In this group 
ire included all the interrelations existing between the various 
iving orgamsms in an environment that result in a limitation of 
nultiphcation The biotic factors that play important roles in 
nvironmental resistance are competition, predators, and 
larasites 

Competition. — It is possible for competition to occur either 
)etween the individuals of the same species, or between different 
pecies The final result in either case is a reduction in the rate 
if multiplication of the msects concerned. Among insects 
here is continually going on a strenuous competition for food, 
pace, and shelter. Of these three, competition for food prob- 
bly ranks first in importance. There is, normally, a contmu- 
lus and abundant supply of food for all the insects m a forest 
iS long as no insect is present in epidemic numbers In order 
hat a contmuous supply of food be available, only a compara- 
ively small part of that which is m existence at any one time 
an be used. Food must be produced more rapidly than it is 
onsumed or the supply wiU eventually be cut off This means 
hat a forest can afford to supply other orgamsms with only 
hat amount of food which it is able to produce in excess of its 
iwn requirements for maintenance and growth If the amount 
if food taken exceeds this surplus amount, the balance between 
)roduction and consumption will be temporarily disturbed 
Thus under normal conditions the insects are using only this 
urplus and not the entire available supply At such a time 
ve cannot say that there is any real competition for food in as 
Quch as other forces of environmental resistance are holding 
lown the number of mdividuals to a point where an abundance 
•f food for all exists. 

At a time when some insect species may succeed temporarily, 
.t the expense of the other forms of life in the forest, in increasing 
ts numbers to a point where an out-break may be said to exist, the 
ituation IB then changed. Then the insects are no longer 
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feeding only on the surplus but are actually using up the capital, 
which should be reserved for maintenance and for growth. 
Under such conditions a keen competition, chiefly between the 
individuals of the same species, is brought about There can 
only be one result: sooner or later, if the insect outbreak is not 
checked by the action of some outside controllmg influence, 
the entire supply of food will become exhausted The trees 
having been killed, the insects that are dependent upon them 
for their food either starve or are forced to migrate to new loca- 
tions Thus competition for food has reduced their numbers 



T^g 27 — White-pme weevil larves lying side bv aide as they work doiMiwnrd 
beneath the bark of the shoot in which they nro feeding Spuco limits tho 
number that can feed m this way 

Competition for space is an important luniting factor among 
some groups of forest insects, whereas with other species it is of 
httle importance This type of competition is sometimes veiy 
keen among the cambium insects and also among the wood borers. 
For mstance the number of white-pme weevils that can reach 
maturity in a ternunal shoot of a pme saphng is directly propor- 
tional to the circumference of the shoot (Graham, 192C). This 
is due to the feedmg habits of the larvse. A single larva working 
alone would be quickly overwhelmed by the rosin that would bo 
exuded into its tunnel by a healthy shoot and would be killed. 
In order to avoid such a fate the larvse of the weevil work down- 
ward side by side, completely encircling the shoot As they 
mcreSiSe m size they become more and more crowded with the 
result that the weakest larvse are forced out of lino and left to 
starve, while the strongest forge aliead and are in a short time 
overwhelmed by resin The number of full-grown larvse surviv- 
ing cannot be greater than the number that can he side by aide 
around the shoot (Fig 27) Many bark beetles of tho family 
Ipidse are hmited in a similar way Usually competition is 
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between larvsB, but occasionally in cases where all stages of an 
insect are living in a limited environment, as do the bark beetles 
and ambrosia beetles, there may be competition between adults 
and larvae. s , 

Sometimes the abxmdance of forest insects is limited by com- 
petition for suitable shelter. The abundance of termites or of 
carpenter ants is defimtely limited m cerfcam instances by a 
scarcity of suitable places to build their nests With most 
forest insects, however, if food is sufficient, shelter is also avail- 
able, in as much as in the majonty of cases the insect^s shelter 



Fig 28 — A typical bag of tho evergreen bagworm This bag is constructed 
of silk, spun by the insect, combined with bits of leaves and twigs {Bureau of 
Eniomol^y, U S Dept Agr,) 


is built either of the food upon which it feeds, or of secretions 
from its own body, or of a combmation of the two (Fig. 28). 

Predators and Parasites. — The effect of predators and para- 
sites m producing environmental resistance is so nearly identical 
that it seems advisable to discuss them together m order to 
avoid repetition These two closely alhed factors constitute 
an important part of environmental resistance. In fact some 
authorities feel that they are more important than aU the other 
factors combmed. Most others, however, do not agree with 
this estimate of their importance (Howard, 1926) but all agree 
that without these limitmg factors almost all msect species 
would be much more abundant than they now are. 
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Both parasites and predators feed upon insects The chief 
distinction, in entomological usage, between them is that a 



Fig 29 — A chickadee searching for insect eggs {New York Stale College of 
Forestry^ Syracuse University ) 


parasite obtains its food from a single organism of another 
species, the host, whereas the predator feeds upon a senes of 
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victims, the prey. A parasite, according to the generally 
accepted defimtion, obtains its food from its host without killing 
the host directly In entomological usage, on the other hand, the 
host IS usually killed The predator, however, always kills 
the prey upon which it feeds Among the important parasites 
of insects are representatives of many groups, fungi, bacteria, 
protozoa, various arthropods mcludmg msects, nematodes, and 
other orgamsms Of all these, insect parasites of other insects 
have received most attention from entomologists Predators, 
like parasites, have representatives among many groups of 
animals Some of these are birds, mammals, reptiles, amphib- 
ians, and not the least important, other msects No stage in 
the development of an insect is free from the attack of predators 
and parasites. 

Even though the eggs of insects are generally very small 
objects, they nevertheless have both their predaceous and 
parasitic enemies. No matter how carefully they are hidden 
away some of them are almost certain to be found and destroyed- 
Insect eggs furmsh a staple item of diet for nuthatches and 
chickadees (Fig 29) After watching one of these insectivorous 
birds searching the trunk and branches of trees especially during 
the winter, it is easy to beheve that they are extremely effective 
in reducmg the number of insects which pass the winter in the 
egg stage 

The eggs of insects are attacked by parasites as well as by 
predators Even the eggs of small moths, hke the pine tip- 
moth, are sufficiently large to provide food enough for the 
development of a tiny parasite. During 1926, in the Bessey 
Plantations at Halsey, Nebraska, about 60 per cent of the 
summer generation of eggs were parasitized Careful examina- 
tion of the eggs of aphids, tussock moths, tent caterpillars, or 
almost any other species will reveal the fact that many eggs 
that have failed to produce larvae are perforated by the exit 
hole of one or more egg parasites 

In spite of the activity of both predators and parasites in 
destroying the eggs of insects, there is usually an ample supply 
of larvae produced to cause a decided mcrease m the insect 
abundance if they were all to complete their development. But 
in the larval stage, also, predators and parasites operate in such a 
way as to hold down the rate of multiplication Even the larval 
stages of wood borers, well protected though they are by the 
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wood in which they are tunneling, are not safe. The wood- 
peckers dig them from their tunnels; some of the ichneumon 
flies (Fig. 30), by mserting their long ovipositors through the 
wood, succeed in parasitizing them; and some of the predaceous 
beetles follow them into their tunnels and there destroy them 



Fig. 30 —-MegaThuasa (Thcdeasa) LuntUor, ono of the largest of the ichneumon 
flies a pictures a female m the act of parasitmng a wood-bonnw larva b and c 
show the details of the ovipositor. {Bureau of EnUymolooy, U S Dept Agr ) 

Larv© of defoliating insects, and other insects on the surface of 
plants, because of their comparatively exposed position, are 
attacked by a host of enemies too numerous to mention. Insect 
parasites, predaceous insects, and birds all take then- toll. When 
the larvae drop to the ground either accidentally or, as many do, 
to prepare for the pupal stage they expose themselves to the 
attack of the terrestnal predators Shrews, mice, and skunks 
are all very fond of insect food and seize hungrily upon any larvae 
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that they find. Ants, also, are not averse to insect food and feed 
on small larvse. The greatest reduction in insect numbers by 
predators and parasites probably occurs dunng the larval period 

Insects usually seek secluded places for pupation and many 
spin cocoons to protect them dunng this quiescent penod. But 
careful as they may be to hide or protect themselves, many of 
them will be found and kiUed Parasites of the pupal stage are 
not common Predators are, however, sufficiently plentiful. 
Insectivorous birds and insects feed upon the pupse above 
ground and small mammals, for example shrews and mice, dig 
up and eat those in the ground. 

Adult msects are attacked by parasitic mites, nematodes, and 
other parasites but do not usually succumb to the attack of these 
animals How much mjury the msect suffers from these organ- 
isms is not known, but it is quite probable that they are injured 
to some extent by them Insect parasites of adult insects are 
rare. Predators, particularly vertebrate predators, constitute 
the most important biotic factor of environmental resistance m 
so far as adult insects are concerned. In addition to the verte- 
brate predators, however, predaceous msects and spiders kiU 
many adult insects 

From the foregomg discussion it is evident that, m as much as 
predators and parasites attack insects m every stage of their 
development, they are important factors of environmental 
resistance. 



CHAPTER V 


INSECT ABUNDANCE 

The importance of insect abundance hes in the fact that the 
ability of any one insect species to injure trees depends primarily 
upon the numbers of that insect in a forest 

BIOTIC BALANCE 

Many insect species m every forest area feed upon the trees, 
but never occur m sufficient numbers to cause appreciable dam- 
age. On the other hand, there are some species that occasionally 
become extremely abundant and injurious The latter are 
the msects that we usually regard as forest pests, the former are 
disregarded. 

Nature^s Deadlock. — It must be admitted that every msect 
which can successfully attack a livmg tree is potentially a menace 
to that tree Fortunately, however, under normal conditions no 
insect species is allowed to multiply so rapidly that it occurs in 
sufficiently large numbers to be a menace to the trees upon which 
it feeds It IS only under abnormal or unusual circumstances 
that insects become epidemic. Normally, the numbers of the 
various orgamsms m the forest remam approximately constant 
from year to year This is because all of the elements of the 
forest environment are usually so balanced one against another 
that no species can gam much advantage over its associates 
Thus m the struggle for supremacy between the different forms 
of life there is a deadlock Under such conditions, although 
the forest may be occupied by numerous potential pests, none 
will occur in sufficiently large numbers to endanger the welfare 
of the trees. This static condition is known as the state of hiotic 
balance. The importance of this equilibrium cannot be over- 
emphasized It IB only under such a balanced state that long- 
lived orgamsms are able to exist at all The life of a tree extends 
over a period of a hundred years or more; sexual maturity is only 
attained after many years of growth Such long-time processes, 
obviously, presuppose generally stable environmental conditions 

68 
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The factors reacting to produce the balanced condition which 
lormally exists between any insect species and the various ele- 
nents of its environment may be divided mto two opposing 
^oups, which, under balanced conditions, are equal and opposite 
orces On the one hand is the abihty of the insect to reproduce 
tself in a given time under ideal conditions, or its biotic potential, 
)n the other hand is a group of factors that limits or checks the 
nsect in its rate of reproduction and prevents it from realizing 
ts potentiality of multiphcation or, as we term it, the environ- 
nental resistance. 

Abundance and Environmental Factors. — The relationship 
hat exists between these two great opposing factors in the pro- 
luction of insect abundance has been expressed by Chapman 
1925) by means of a simple mathematical formula m which if C 
•epresents msect abundance, BP biotic potential, and ER 


BP 

mvironmental resistance then C 


Whether or not this 


ormula will stand m its present form can only be determmed 
)y future investigations. In the foUowmg discussion, in order 
;0 avoid cumbersome duphcation, the letters of the above formula 
viU be used to stand for their respective terms 
Now if it IS assumed that for any one species C is to remain 
iracticaUy constant from year to year, as would be the case 
mder conditions of biotic balance, let us see what must happen if 
hanges were to take place m the environment Since BP — as 
ihown in Chap III — is a constant for any species, it follows that 
whenever a change occurs in one set of factors m ER, it would 
lave to be offset by comparable changes m other factors of ER 
)r else C would not remain constant. For example, if an mcrease 
)ccurred in the available food supply of an insect, there would 
lave to be correspondmg compensating changes in some of the 
)ther factors of ER if C is to remain unchanged 
Occurrences in connection with studies of the jack-pine sawfly 
nade by the author m Minnesota furmsh excellent illustrations 
)f this point. These wiU be discussed later m detail under 
lefohators but it seems appropriate that they be mentioned 
iriefly here. Due to an increased quantity of jack pine growing 
n pure stands, food conditions for this msect have in recent years 
lecome ideal; in spite of this, during the past few seasons the 
lumber of jack-pine sawfiies has remamed approximately con- 
itant as the result of increased physical and biotic resistance of 
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the environment For two seasons a combination of unfavorable 
temperature and a parasitic disease held down the number of 
these insects, another year heavy storms at a critical time 
prevented their mcrease, and in still another season a late frost 
was the most important agency of resistance. 

In the preceding illustration the abundance of a certain species 
in one locality was kept approximately constant over a period of 
years. This constant number was maintained in spite of a 
changed ER, because of compensatmg changes in other factors of 
ER If we were to contrast the abundance of an msect species in 
one locality with the numbers of a species having a similar BP in 
a distant locahty, we should find that the same underlying rela- 
tionship existed between abundance and environment That is 
to say, if m one locality one set of factors were of higher value 
than in another region, then some other factors would have to be 
correspondingly lower if the abundance of the two insects were 
approximately the same This is illustrated by a companson 
of the factors of ER m tropical and temperate regions In some 
of the tropical islands, for example, Hawaii, the combined physi- 
cal and nutritional factors of environmental resistance are of low 
value Temperature conditions are particularly favorable and 
at the same time food is available the year around, consequently 
the insects are not compelled to tide themselves over long periods 
of adverse conditions In such a climate, biotic factors are much 
more important and effective than in temperate regions where 
insects, due to extreme fluctuations of temperature and periodic 
scarcity of food, meet a much higher physical and nutritional 
resistance. 

A Broken Balance. — If at any time there occurs a change in 
any set of factors of ER without a correspondmg change in 
another set, then the sum total of ER wiU be changed with the 
result that C no longer remains constant and the normal balanced 
condition m the forest ceases to exist For instance, if the sum 
total of ER is raised, then the sum total of insect abundance will 
be lowered Were ER to be raised sufficiently high, the result 
would be the complete extermination of the insect We have 
many extmct species of insects which bear witness to the opera- 
tion of this force. 

On the other hand, if the sum total of ER is lowered consider- 
ably, then insect abundance may be increased to a point where 
great damage is done to the forest, and an msect outbreak may 
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be said to exist For instance, some of the factors that have held 
a certain insect m check may be so modified that their adverse 
effect IS reduced. Then that particular species, reheved of the 
pressure that has held it down, becomes very active, gams the 
supremacy, and dominates its environment 

A specific example of this is to be found m what probably took 
place m the present-day balsam-fir areas of the Northeast, 
where the spruce budworm became epidemic The chief factor 
that formerly kept this insect m check was a shortage of food. 
This limiting factor was gradually elimmated as the ongmal 
stands of pine, spruce, and fir were replaced by a climax type of 
nearly pure stands of fir and spruce through the loggmg off 
of the more valuable pme or through natural forest succession As 
a result the numbers of the budworm increased Eventually 
one or more other factors of environmental resistance were also 
changed so that they no longer acted with the same force m hold- 
ing the msect m check This may have been due to either a 
decrease in predators or the occurrence of weather conditions more 
favorable to insect development, or possibly to both. There are no 
records to prove just what changes actually took place but it is 
known that through a combmation of circumstances the sum total 
of ER was reduced. The result was that the spruce budworm 
came to dominate its environment with tremendously mjurious 
effects 

It IS possible for adverse weather conditions to disturb the 
biotic balance not only in the locahty where they occur but m 
localities far removed therefrom For mstance unseasonable 
freezmg weather in the spnng of the year may result in the 
starvation of insectivorous birds during their migration, with a 
consequent reduction in the number of these predators m the 
regions where they nest This lowering of environmental 
resistance might conceivably result m an outbreak of a pest m the 
nestmg region 

A Restored Balance. — Whenever the balance is broken, 
nature ultimately bnngs about a new balance In the case of 
the spruce budworm, mentioned above, the insect mcreased 
m numbers until it finally reached a point where there was an 
insufficient amount of food to bring the larvae to maturity 
As a result almost all the insects starved to death; this ended 
the outbreak The small remnant of balsam fir and spruce 
that survived together with other species are forming a nucleus 
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for a new forest in which spruce and fir will occupy a less promi- 
nent place For this reason, the new forest will be a much 
more stable one than the climax type, and the budworm wiU 
occupy a relatively subordinate place therein. Thus a new 
balance has been brought about by nature but at the expense of a 
tremendous number of trees. 

It IS to the advantage of man to see that whenever the biotic 
balance is broken it be restored as soon as possible in order to 
avoid economic losses It is even better, when possible to 
prevent any material disturbance of the original balance Man's 
part in maintammg the equihbnum will be taken up under 
Methods of Control and Silvicultural Practices. 

DEVICES TO INCREASE ABUNDANCE 

It IS to the advantage of insects that the balance never be 
broken unless m their favor Most insect species are provided 
with devices that help them to mcrease their actual numbers by 
reducmg the effects of environmental resistance 

Insurance of Mating. — We have previously pointed out in our 
discussion of biotic potential that the sexual type of reproduction 
IS most commonly found among insects and that mating, 
of the two sexes therefore, is necessary to the survival of most 
species It has also been shown that msects that reproduce 
sexually have a lower biotic potential than parthenogenetic 
species So that in order for the former to keep on any equality 
with the latter, they require means to overcome the environmen- 
tal resistance Moreover, the very necessity for mating, demand- 
ing as it does the close proximity of the two sexes, means that the 
physical factor of space may result m raismg the value of environ- 
mental resistance for a sexual species to a higher value than would 
be the case with the same conditions of environment acting upon 
a parthenogenetic species. Consequently, insects reproducing 
sexually have need of somethmg to offset their relatively low 
values for biotic potential and high values for environmental 
resistance. 

This they accomphsh by means of a number of modifications 
and adaptations for bringmg the sexes together. Many moths 
are attracted to the opposite sex by odors given off by one sex or 
the other A glandular structure on the back of the male tree- 
cricket provides a delectable feast for the female and by its odor 
attracts her to the male Stndulation among the Orthoptera and 
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other orders is frequently a means of attracting the opposite sex, 
and experiments have shown that the flashmg of fireflies serves 
to aid the male in locating the female All these adaptations 
tend to insure matmg with its consequent re^iroduction of the 
species. 

Care of the Young. — Even after matmg, insects contmue their 
fight against the forces of the environment. They have 
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Fig 31 — A walking stick, Ihapheromera femorata resting on an oak leaf 
These insects use no care m selecting a location for their eggs, but drop them 
wherever they chance to be at the time of oviposition. ( Univeraity of Minnesota ) 


developed a number of abilities for the protection of their eggs 
and young by which they offset to a certam extent the destructive 
forces of environmental resistance Care of the eggs or young by 
the adults is one of the means by which this is accomplished 
Care of the young is usually associated with the higher animals, 
but nevertheless it manifests itself m primitive ways among some 
msects The highest development of this protective function in 
msects IS usually to be found among the social forms, particularly 
among the Hymenoptra and the Isoptera, but even among the 
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solitary species it is sometimes strikingly developed, the solitary 
bees for example 

When an adult insect selects the host tree upon which the 
larvse naturally feed and deposits eggs thereon, she is showing a 
primitive type of care for the young A rather low degree of 
care for the young is illustrated by Chrysobothns and other 
buprestids, which deposit their eggs in cracks m the bark of 
trees or logs of the tree species upon which the larvae feed In 
such places, the eggs are mconspicuous and unhkely to be dis- 
turbed before they hatch To this 
degree, parental care is found in most 
insect species, although there are some 
insects, like the walking sticks, which 
drop their eggs without regard to loca- 
tion (Fig 31) Such careless species 
must, of necessity, have a very high 
biotic potential if they are to survive, 
because many of their young will 
starve before finding suitable food. 
Such insects are very seldom senous 
pests 

Many moths, such as the tussock 
moths, the gypsy moth, the tent cater- 
pillars, and others, cover their eggs 
with a protective material. In some 
cases this only protects the eggs from 
excessive evaporation but in other 
instances, particularly where hairs are 
included in the covering, as is the case 
with the gypsy moth, it helps to make 
the eggs unattractive to birds that 
might otherwise prey upon them (Fig. 
32) 

One effective device for protecting the welfare of the young is 
illustrated by some of the Diptera that are larviparous These 
insects hold their eggs within their bodies until after hatching 
and deposit larvae instead of eggs upon their host This is true 
of many of the Tachinidas, many of which are parasitic upon the 
larvae of forest msecta The young of larviparous species have a 
much better chance of gainmg entrance into an active host thar 
do the oviparous flies, because as larvae they penetrate quicklj 



Fig 32 — Egg mass of the 
gypsy moth, Porthetrui dispar 
The mdividaal 6ggB are hidden 
by the protective covering 
(EntomologtccLl Branch, Can 
Dejit Agr ) 
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into the host and are much less hkely to be rubbed off than if they 
were required to spend some time m the egg stage on the surface 
of the host's body 

Protection by the adult of the larvae or nymphs beyond the 
selection of the proper food is rather rare among forest msects 
with the exception of the social species In most instances, the 
larva, havmg been placed near a supply of food, must shift for 
itself. The mother aphid and the mother tmgitid are usually 
found near their young and are sometimes said to guard their 
young, but it is open to question whether or not this proximity is 
an example of parental care More likely it is a question of 
convemence. In the social species, however, occur many striking 
mstances of a most meticulous care for aU the unmature stages 
It is not the mother but defimtely designated workers m these 
social species that usually care for the young The mother, or 
queen, as she is usually called, attends strictly to oviposition 
The young of both termites and carpenter ants are cared for in 
this manner The workers not only feed the young but in the 
case of the carpenter ant they carry the young from place to place 
in the nest in an attempt to keep them under as favorable condi- 
tions as possible. 

Defense. — From the foregoing, it is evident that a primitive 
type of care for the young is common among forest msects It 
IS also apparent that the degree in which it occurs is not suflS.cient 
protection to insure the survival of the species Insects, there- 
fore, must be provided with other means of protection 

Some species have, either in the immature or adult stages or 
in both, disagreeable odors or flavors makmg them distasteful 
to predaceous ammals that might otherwise feed upon them, 
and this serves them as a means of defense The Pentotomidse 
and other plant bugs, certam beetles, and some butterflies are 
notable examples of insects possessing this means of defense 

Many insects are protected by their mconspicuous colormg 
or form Few observers of nature have failed to notice how most 
insects blend into the background on which they rest. Even 
some of the most gaudily colored species are comparatively 
inconspicuous in their natural environment. Protective coloring 
and protective form are so characteristic of insects as to be 
obvious to the most casual observer 

There are, m general, two distinct types of protective appear- 
ance In the first type, the color or pattern of the insect’s 



66 


PRINCIPLES OF FOREST ENTOMOLOGY 


markings blend into its general environmental surroundmgs 
Leaf hoppers, aphids, the carpenter moth, the underwmg moths, 
and many other insects exemplify this protective coloration 
In the second type the insect resembles m form and color some 
part of the plant on which it hves, or in some cases it may 
resemble some other msect that is either distasteful to or feared 
by msect predators. This last method of protective resemblance 
is known as mimicry (Gerould, 1916) There are many well- 
known examples of msect species that resemble parts of the 
plants upon which they occur, for instance the tree hoppers, 
the walking sticks, and the spanworms One of our most com- 
mon examples of mimicry is that of the viceroy butterfly 
This insect is an almost perfect mimic of the monarch or milk- 
weed butterfly which is said to be very distasteful to birds 
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Fia 33 — Chalcophora tnrgimermat one of tho buproatid hoe ties thnt ib pro- 
tected by its extremely hard oxoskeloton 


In addition to the various means of defense already mentioned 
many insects are provided with mechanical contrivances whicl 
are of help in protecting them. The hard exoskeleton of thi 
buprestida (Fig. 33) and other beetles makes them much les* 
vulnerable than if their bodies were soft. The sharp spmei 
with which the caterpillars of the brown-tail moth and the tussocl 
moths are armed serve as an effective means of defense agains 
many insect-eating birds. These barbed venomous spines ar< 
extremely irritating to the skm of man and those of the brown 
tail larvfie, by workmg their way into the skin, cause imtatioi 
called the brown-tail rash This is a common trouble amoni 
people who are forced to work where these caterpillars ar< 
numerous. Other mechanical means of defense may be men 
tioned, for mstance, the strong mandibles of many forest msecte 
These are ready weapons of defense and are frequently use< 
effectively. Another powerful weapon with which some of th 
Hymenoptera are provided is the venomous sting By means c 
these various methods of defense, insects are often able partiall} 
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at least, to prevent the normal reduction of their numbers 
resultmg from the action of environmental resistance 
The Use of Shelter. — Some forest insects are able to evade at 
least partially the force of environmental resistance by retirmg 
into shelters of vanous sorts. Shelter protects insects to some 
degree against changes of weather and also makes them less 



Fig 34 — nest of the fall webworm into which the insects retire for protection 
when they are not feeding {Umveraiiy of Minnesota ) 


easily found by their enemies These shelters may be con- 
structed of silk or wax secreted by the msect itself, or of other 
materials such as sticks, stones, wood or earth, or of combinations 
of some of these materials. 

One type of msect shelter, with which everyone is more or less 
famihar, is the cocoon By means of this structure, the pupa is 
protected during its period of quiescence Some insects when 
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in the larval stage build cases of silk and other materials for their 
protection throughout the developmental period. The bag- 
worms, for instance, carry a case about with them from the 

- time they hatch until they are 
^ ^ fully grown As the larva 

grows the case is enlarged to 
acconamodate it The female 
bagworm never leaves the case 
but lays her eggs and dies 
therem 

The spruce budworm and 
some others of the same group 
construct another kind of 
shelter During the larval 
period they work under a light 
web of silk that they spin. 
The tent caterpillars and the 
fall webworm build nests of 
silk into which the larvse retire 
when not feeding (Fig 34) 
Other species, like the armored 
scales and the woolly aphids, 
are sheltered by their own waxy 
secretions (Fig. 35). 

Some species of insects make 
use of their food material as 
shelter Leaf miners are shelt- 
ered between the upper and 
lower cuticula of the leaves in 
which they feed (Fig 36). 
Cynipids, gall aphids (Fig. 37), 
and gall mites find both food 
and shelter m the abnormal 
plant growth for which they arc 

Fig 35 — Norway-pineneedlea heavi- responsible. The bark- anc 

ly infested with pme-leaf scale Each \700d-bormg insects are WeL 
white spot represents a single scale in- , ,, , xu i. i 

sect oovered with its protective shelter sneltered in tne tunnels anc 
(^Bureau of Entomology i U S Dept Agr) gallenes whlch they CUt. 

Certain subcortical species, like Rhagium and Pytho, construci 
pupal cells of frass and chips beneath the bark where they have 
been working, thus formmg an effective shelter for the pupae 
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From these examples it becomes evident that msects have come 
to make use of many different types of shelter, but all types, 
whatever their character, aid the msect occupant in overcommg 
the resistance of its environment. 



Fig. 36 — Blotch mines of Lithocolletes m a burr-oak leaf lUuatratmg how 
these delicate insects are sheltered between the upper and lower outioula (C/ni- 
veraUy of Minnesota^ 


Locomotion. — When a predaceous insect or a parasite 
approaches an msect, or when unfavorable temperatures or 
unsmtable moisture conditions occur, an msect has two choices. 
It may remam quiescent, trusting that its enemy will not notice 
it or that the temperature or moisture conditions will remain 
within its range of tolerance, or it may try to escape. 

Adult msects are, as a rule, well provided with the necessary 
means of locomotion. Most of them possess both legs and wings 
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which they are able to use effectively. By means of these 
appendages they are enabled to escape either from their enemies 
or from locally unfavorable physical conditions of the environ- 
ment (Chapman, 1925). Furthermore, the ability to move about 
easily and quickly helps to bring together the sexes thus insurmg 
successful mating It also helps the insect in its search for food, 
often makes possible effective distribution, and helps the msect 
to place its eggs in locations favorable to the larvse, even though 



!Pig 37 — Galls sheltering one of the poplar goll-aphids of the gonus Poinplngua 
{University of Minnesota ) 


this may necessitate a considerable amount of moving froir 
place to place. 

Larvae, on the other hand, are generally much less able tc 
move about from place to place None of the immature stagej 
of insects have functional wmgs with the exception of the may 
flies which have a subamago wmged-stage Larvte must, there 
fore, depend primarily upon their legs for their locomotion excep 
as they are earned from place to place by birds, other animals 
vehicles, or by wind (Fig. 38). Some of them have well 
developed legs and can move about rapidly but many others 
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the caterpiUajs and grubs for instance, can move only slowly 
from place to place But even this feeble abihty to move makes 
it possible for many of them to gam more favorable conditions 
of moisture, or temperature, or to improve their food conditions. 
This is true of practically all msects that feed upon the surfaces 
of plants The mmers and borers, on the other hand, either 
cannot move at all, or move with exceedmg slowness from one 
place to another and, therefore, with the exception of some like 
the carpenter-moth larvse which move back and forth in their 
galleries, they must take what comes whether it be good or bad. 
Such insects, as a result, have a much more limited sphere of 



Fia 38 — First instar larva of the gypsy moth showing long clothing-hairs and 
tho so-called "baJloonmg*’ hairs These hairs so mcreaao the surface of the 
insect m proportion to its weight that it can be corned long distances by air 
currents {Bureau of Entomology, U S Dept Agr ) 

activity; and they are, therefore, confined to those locations 
where the extremes of environmental conditions always lie 
within their zone of toleration. The motde species, because they 
are better able to adjust themselves to changmg conditions have 
a much wider range of activity, and when conditions become 
unfavorable in one place they move to another 

In addition to the use of their legs, many lepidopterous larvse 
have another means of locomotion that is useful for protection. 
These larvse are able to spin very rapidly a thread of silk on 
which they can drop out of the way of harm. A larva, havmg 
dropped on its thread, can return agam later when it is safe to 
its origmal position; or small larvse may parachute for long 
distances suspended at the end of a free thread. All these 
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TtiAanH of locomotion are a distmct aid to the insects m overcom- 
ing environmental resistance. 

Migration. — ^At some time durmg the year almost every 
species of insect passes through a period of local migration. 
Migration usually takes place when the insects are m the adult 
stage, but some species migrate as larva. Durmg the period 
of migration practically every suitable breedmg place receives 
a share of the migrating species. The efficiency of insect distri- 
bution can well be illustrated m any large comferous forest area 
that has been kiUed by fire in the sprmg of the year. Even 
though the area of kdled trees may be one hundred square miles 
or more, practically every suitable tree will be mfested with a 
share of such borers as Monochamus, Ips, Chrysobothns, 
certain species of Smcidse, and other subcortical and xylophagous 
msects. There could not possibly have been present in the area 
before the fire sufficient adults to reproduce the multitude of 
borers found in the area after the fire. It is evident, therefore, 
that they must have fiown m from the surroundmg territory 
The onmipresence of certain leaf eaters m every suitable location 
is still further proof of the general distribution of at least our 
common species. 

The search for food, or for what usually amounts to almost 
the pg-TTiA thmg — ^a suitable place for oviposition — is the chief 
cause of migration; but, apparently, even when food and places 
for oviposition are abundant, msects may still migrate. Migra- 
tion is a means by which the intensity of local environmental 
resistance may be reduced. The value to the species of the 
ability to migrate is inestimable, because the more widely a 
species is distributed the less likely it is to be wiped out by some 
local adversity. 

Tropic Responses. — Some insects possess other most interest- 
ing characteristics which they are able to use to their advantage 
m the struggle for existence These abihties relate to the ori- 
entation reaction of the insects’ body with reference to some 
physical or chemical effect and are commonly called tropic 
responses. For instance, when one of the hover flies habitually 
faces into the wmd when flymg, it is exhibitmg a tropic response 
called positive anemotropism. Species which respond positively 
anemotropically may by the exercise of this response when 
living near the sea coast prevent themselves from being blown 
out to sea and thus reduced m numbers 
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Examples of other types of tropic responses are numerous, 
[n the autumn the ladybird beetles tend to orient themselves 
vhen on a vertical surface in such a way that their heads are 
iirected away from the center of the earth. They are then 
laid to be negatively geotropic. Under such conditions, if they 
nove at all they will of course chmb upward on the surface upon 
vhich they are restmg These same msects when seekmg a place 
/O hibernate are also positively thigmotropic, that is, they respond 
Positively to the sense of touch and, by creeping into cracks, so 
)nent then bodies as to bring them mto as close contact as possi- 
ple with surroundmg surfaces Many insects respond either 
positively or negatively to chemical stunuh and are then said 
'O be either positively or negatively chemotropic. Insects that 
*urn toward the light are positively phototropic, whereas those 
ihat turn away from the hght are negatively phototropic. 
Those that seek out sunny places are positively heliotropiCj 
vhereas those that shun the sun are negatively heliotropic. 

These terms are descriptive of how insects respond to external 
jtunuh They do not m any way explam why msects react in 
jertain ways It must be clearly kept in mind that the terms 
ire descriptive rather than explanatory in order to avoid the 
jommon error of trymg to explam the cause of certam reactions 
nerely by giving those reactions a name. 

Through many generations, natural selection has brought 
ibout a survival of those msects which have come to respond in 
vays that are favorable to the species. Thus it is that tropic 
’espouses have had during the course of evolution an important 
nfluence m determming how successful an ipsect will be m over- 
joming environmental resistance. The msect that orients itself 
n relation to environmental forces in a way that is most likely 
.0 be favorable to it is much more likely to survive than one that 
s erratic in its reactions or one that fails to react at aU. Some 
luthonties think that practically aU the activities of msects 
ire the result of tropic responses, but even if this is not entirely 
.rue it cannot be doubted that tropisms play an exceedmgly 
mportant part in the hfe of insects and that they determine to 
i large degree whether or not an insect will succeed m the envrron- 
nent in which it finds itself. 

The Effect of These Devices. — From the foregoing, it is evident 
:hat an msect’s abundance depends not only upon the biotic 
Dotcntial of the species and the amount of environmental 
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resistance but also upon the inherent ability of each insect species 
to meet and reduce in various ways the force of enviromnental 
resistance. Like other inherent qualities, this abihty vanes 
with different species It also vanes with varying conditions. 
Under optimum conditions, the ability of insects to overcome 
environmental resistance is not needed and is, therefore, inoperar 
tive. But when pressure is increased so that this abihty i£ 
needed, its operation becomes more and more important untd 
finally under conditions of extreme environmental pressure il 
may be so important as to determme whether or not a species 
may survive Thus, by actmg with mcreasing power as environ 
mental resistance increases and with decreasmg power wher 
resistance is reduced, the abihty to overcome environmenta 
resistance tends to stabilize insect numbers and to reduce th 
extreme fluctuations in abundance that might otherwise occu 
as the result of fluctuations m the environment. In other words 
this stabilizing force operating m all species helps to mamtau 
the biotic balance 



CHAPTER VI 


DmECT CONTROL OF TREE INSECTS 

Insect control may be defined as the regulation of insect 
activities in the mterests of man. 

The Purpose of Control. — The success of control operations is 
measured by the degree to which the product or crop protected 
escapes senous mjury by msects. It is generally recognized that 
it is practically impossible to exterminate any forest pest. The 
aim of forest insect control is not extermination, therefore, but is 
to keep the pests within reasonable bounds. It has been shown 
that outbreaks of forest insects occur as the result of a disturb- 
ance of the biotic balance, and that as long as the balance can 
be mamtained outbreaks are impossible. In its simplest terms, 
the purpose of control is to mamtain a balance between pests 
and hosts. 

Of aU the influences disturbing the balance the activities of 
man are the most far reaching and important. The cutting of 
trees, the buildmg of trails and roads, the construction of build- 
ings, the drainage of land, the dammmg up of water, all these and 
in fact practically aU of man's activities tend to modify or change 
environmental conditions and thereby to mcrease or decrease 
the probability of insect outbreaks. 

In as much as the value of the forest to man depends upon the 
use he can make of it, it is obvious that it is neither possible nor 
desirable to attempt to ehminate man's activities m the forest. 
Effort should be made, however, to carry on these activities in 
such a way as to disturb the balance as httle as possible 
Furthermore it should be kept in mind that in order to preserve 
a safe condition in the forest, whenever man, m the course of his 
activities, removes or reduces the effect of any factor, or factors, he 
must substitute another force of equal value. This is what we do 
when we carry on control measures We are merely substitutmg 
one set of limiting factors for another set that has been removed 

Good illustrations of this pomt are common in agnculture 
For instance the Colorado potato-beetle originally was kept in 
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check under natural conditions by food limitations. The 
individual plants of the native species of Solanum upon which it 
fed were scattered, and consequently the difficulties and dangers 
attendant upon finding food were great. As a result, enough 
beetles were lost so that the number per unit area remained low 
and approximately stationary from year to year, thereby pro- 
ducmg a balanced condition between the beetle and its host 
When potatoes came to be cultivated as a field crop in the natura) 
range of the beetle, food became so abundant that it ceased to be a 
Imiitmg factor Under these new conditions the beetles that 
drifted into potato fields found there that almost any plant upor 
which they chanced to ahght provided suitable food and that the 
risks connected with huntmg for food were much reduced. Wher 
the beetle, therefore, became established in cultivated fields, thif 
formerly innocuous species promptly became an important pesi 
not only in its native haunts, but also over wide areas where i 
was not native It was obviously impossible to grow potatoes ii 
a mixed stand and restore the conditions of food limitation tha 
ongmaUy existed, therefore it was necessary to introduce som< 
other limi ting factor. The potato plants are now sprayed witl 
an arsemcal to poison the beetle; and, as a result a new balance 
that is even more favorable to the potato than the conditioi 
existmg in nature, has been estabhshed. 

The Cost of Control. — Like every other forest operation, th 
apphcation of forest msect control must be looked upon from th 
business pomt of view It must always be kept m mind tha 
the material saved by the application of control measures mu£ 
justify the expense mvolved. The cost of control must b 
materially less than the loss that would have occurred had n 
protective measures been applied. The lower the value of th 
trees or wood products to be protected or the smaller the margi 
of profit, the smaller will be the amount which can justifiably t 
expended for protection. 

With this m mind, the conditions that face the forest entomok 
gist will be considered. As a rule the nearer the ultimate proc 
uct IB approached, the more valuable the mateiials become. I 
the early years of the forest rotation, the value of the trees is con 
paratively small. At that time, even small, injudicious expend 
tures may easily wipe out the entire expected profit. The vali 
of mature timber justifies greater expenditure for its protectic 
than does the value of younger trees, the value of partial] 
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manufactured products justifies a greater expenditure than does 
standmg timber; and m the protection of manufactured wood- 
products a still greater expenditure is justified 
Trees may have very real values m checking soil erosion, or 
for esthetic purposes. These indirect values must be taken mto 
consideration along with commercial values m planning for their 
protection. Where trees are used to prevent the erosion of soil 



Flo 39 — Spraying lodge-pole pine in Yellowstone Park for the control of 
defoliating insects The value of a timber forest would not justify such expensive 
operations as this {Bureau of Entomology^ U, S. Dept Agr.) 


on steep slopes and watersheds, their destruction not only means 
a loss of a certain amount of wood but, also, may result in damage 
through erosion of hiUsides, and siltmg of reservoirs, to such a 
degree that by comparison the loss in wood might appear 
infimtesimal Under such conditions, larger expenditures for pro- 
tection are justifiable than in the timber forests. Likewise, park 
and shade trees have an esthetic value far in excess of their value 
for wood This value is estimated by some of our best land- 
scape architects and tree surgeons to be S5 per circumference-inch 
for well placed perfect trees of the best species. Commensurate 
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appropriations for the protection of such trees may be mac 
economically (Fig 39). 

Thus, the control measure that can effectively and profitabl 
be used against an msect attackmg shade trees may be impract 
cal under forest conditions because of the excessive expenf 
involved The control measure must, therefore, be suited to tic 
conditions under which it is to be applied, and imder each diffe 
ent condition we may be forced to use a different method < 
control even for the same msect 

On the basis of justifiable cost of control, forest insects may t 
divided mto three major divisions (1) forest pests, (2) shade-tr€ 
pests, (3) forest-products pests. Many of the same insects ma 
be active m each division, but the methods of control will t 
quite different. The conditions under which they are workin 
m each case will determine the appropriate methods of contro 
The real problem of the forest entomologist is to develop not onl 
ways by which insect ravages may be checked but also methoc 
that can be apphed economically under specific conditions H 
must contmually bear m mmd that the control measure Ic 
recommends must show a profit from the operation if it is to t 
justifiable 

In this discussion of the control of tree insects various methoc 
will be discussed, and the general conditions under which eac 
can be made applicable wiU be pomted out. 

The Classification of Control Measures. — Methods that ca 
be used for the control of tree msects may be classified mto moi 
or less arbitrary groups as follows* 

A Direct Control — Operations aimed directly at the insect for the purpo 
of immediate suppression 

1 Mechanical methods 

Collecting, trappmg, destroying infested materials, l)arking 
destroy broods, heatmg 

2 Biotic methods 

Predators and parasites 

3 Chemical methods: 

Dustmg, spraying, fumigating, using poisonous bait 
B Indirect Control — Operations designed to modify environmental facto 
to secure ultimate limitation of insect numbers 

1 Chenoical and mechamcal methods 

Modifications of food supply, moisture conditions, and tempc 
ature conditions 

2 Biotic methods 

Competition, parasites, predators 
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DIRECT CONTROL BY MECHANICAL METHODS 
As the science of economic entomology has developed, many 
aeans have been devised for the control of msect pests m general 
Wardle and Buckle, 1923). Until very recently most of these 
lave been direct methods, and some of them are applicable to 
he control of tree msects. Many of these direct methods of 
ontrol have had their origm m Europe but others, spraying, for 
xample, have been developed to their present high degree of 
fliciency m America. Wherever they are used, direct methods 
ire generally of a curative nature. 

Collecting Insects. — One of the most obvious methods of 
asect control is the direct attack upon the pest by coUectmg and 
iestroyrng it during some one of its stages. Such methods are, 
f course, expensive and can only be used under particularly 
avorable circumstances Numerous mstances where msect 
utbreaks have been held m check by these means could be cited, 
Lowever, particularly in Europe. Also m some of our American 
ities shade-tree pests have been controlled m this way; for 
Qstance, in Minneapohs an mcipient outbreak of the white- 
aarked tussock-moth was checked through the cooperation of 
loy Scouts, and other school children, with the civic authorities 
a coUectmg and destroymg the egg masses of this defohator 
One of the frequently recommended methods for controlling 
he white-pme weevil is by coUectmg the adult weevils m the 
arly sprmg durmg the feedmg period that precedes the period of 
viposition. The beetles are knocked off the pmes mto a net 
ly jarrmg the terminal shoots. Such a method may be practi- 
able where ornamental trees are concerned, but is too expensive 
0 use m forest plantations 

Trapping Insects. — Many mgenious devices for trappmg msects 
ave been developed by entomologists The chief of these are by 
leans of pits or furrows, hghts, baits, logs, and bands. The use 
f trap pits or furrows is commonly recommended m European 
terature for the capture of msects that spend at least part of 
heir active hfe on the ground, but owmg to the excessive labor 
ost it has seldom, if ever, been used m America Trapping by 
leans of hghts has been used to some extent m this country, 
•ut unfortunately it has not proved very successful, because the 
isects attracted to lights are largely males, and the few females 
hat are caught by these devices have m many cases already 
eposited their eggs Gravid females are seldom attracted m 
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large numbers to lights Traps baited with some attractive foe 
matenal have been somewhat more successful m capturmg femal 
but have been little used except m an experimental way Furth 
developments in methods of trapping adult insects before th( 
have laid their eggs may provide foresters with an effective meaj 
of msect control. 



Fig 40 —Burlap band on an oak tree Gypsy-moth larvsB have congregE 
beneath the band where they can easily be killed, {Bureau of Entomol 
U, S, Dept Agr ) 


In European forests, trap logs and trap trees intended 
protect standing timber from the attack of bark beetles 
sometimes used The principle involved is that certam spec 
of these beetles prefer freshly cut or girdled trees to heali 
uninjured trees; as a result, they will deposit their eggs in free 
cut logs or girdled trees provided by the forester for this purpe 
Later the broods of beetles m these traps can be destroy 
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This method has not been much used in Amenca, but it is quite 
possible that it may eventually find a place in our ultimate 
plan of insect control. 

In the control of certam of our shade-tree pests tending to 
congregate in secluded places during some portion of the day, 
the gypsy moth for mstance, loose bands of burlap or other 
material placed around the tree trunks are sometimes used The 
msects will gather under the protection of the band and can easily 
be destroyed there in large numbers (Fig. 40) This method 
IS, of course, only applicable on shade trees. 

Destroying Infested Materials. — In forest entomological 
literature one of the most frequent recommendations for the 
control of bark beetles and wood borers is to cut and bum the 
infested portion of the tree. Doubtless this is an effective means 
of control provided that practically all of the infested trees in a 
commumty are treated in this way Cuttmg and destroying 
the infested portion of trees becomes, consequently, a community 
control method One insect that might be controlled by this 
method is the two-lined borer If by commumty cooperation 
all dymg trees were cut before the beetles emerged an outbreak 
of this insect could be checked. This method is, however, 
primarily of use m protecting shade trees and will always have a 
very limited application under forest conditions. 

Barking to Destroy Broods. — In certain cases, notably in the 
control of Dendroctonus beetles, the barking of cut or standing 
trees has been employed to destroy broods of these injurious 
insects Some of these beetles spend their entire life m the 
cambium region between the bark and wood, while others spend 
a part of their life m the corky layers of the bark Where the 
latter type is concerned, the removed bark should be burned or 
exposed to the direct rays of the sun m order to destroy the 
insects m the bark Such operations are designed to reduce the 
numbers of beetles to the pomt where they cease to be a menace 
to the surviving trees. 

The Application of Heat. — The use of heat to bJl wood-bonng 
msects is a comparatively recent development It has been 
shown that the temperature beneath the bark of logs lymg m 
full sunlight frequently exceeds the fatal temperature of log- 
inhabiting insects The amount by which the temperature 
beneath the bark on the upper side of such logs exceeds the 
temperature of the surrounding air is, other factors being equal, 
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directly proportional to light intensity (Graham, 1920) (Fi 
41). By turnmg logs every week or two during warm, bng 
weather it is possible to destroy all insect life m the surface laye 
of the logs (Craighead, 1920). It was this principle that w 
apphed in the preceding paragraph to destroy bark-beet 
broods in the bark removed from mfested trees For the succee 



ABOVE AIR TEMPERATURE AT NOON 

Fig. 41. — Graph lUuatratmg the relation between subcortical temperature t 
light intensity £ach dot represents a daily observation 

ful killing of insects it is essential that the material to be treat 
be exposed to the full force of the sun's rays. 

In the process of kiln drying, temperatures in excess of t 
fatal temperature of wood-bonng insects are almost alw£ 
obtained. Even the lowest kiln-seasomng schedule with te 
perature rangmg from 105 to 115° F has proved effective 
killmg certam species (Craighead, 1921) The higher schedu 
appear to be effective for all wood-mhabitmg insects. 
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DIRECT CONTROL BY BIOTIC METHODS 

Although biotic factors in insect control are usually used 
indirectly, there are some mstances where their use is aimed 
directly at a certain species of msect for the purpose of its 
immediate suppression. When biotic factors are employed 
for this purpose they are being used as direct means of control 
Numerous attempts to apply biotic methods m this way have 
been made, but most of them have never passed beyond the 
experimental stage In a few instances, however, these efforts 
have been attended with more or less success. Some of the 
successful efforts have been so stnkmg in their results that it is 
possible we may see a much wider apphcation of this kmd of 
control in the future. 

Illustrations. — The most stnkmg example of the successful 
direct application of biotic methods to the control of an insect 
pest IS to be found in California In the citrus orchards of that 
state the mealybug, a sucking msect, is one of the most serious 
pests Since 1918, it has been effectively controlled by the 
direct use of a predatory beetle, a coccinellid called Cryptolaemus 
montrouzien According to Smith (1925-1926), the use of this 
method has passed beyond the expenmental stage and has proved 
itself to be not only very effective but also much cheaper than 
Dther possible means of control. 

The procedure followed is to rear these predaceous beetles in 
large numbers and liberate them in the infested orchards in 
3ufficient quantities to destroy the mealybugs before they have 
3aused much damage Special insectanes for the rearing of the 
beetles are now being operated in strategic locations on the 
oroceeds of the sale of the beetles reared. During the season of 
1924, over four million beetles were produced by these labora- 
nries and as a result the mealybugs were effectively con- 
a’olled over an orchard area of about 20,000 acres. The total 
;ost of this woik was approximately $48,750 The beetles 
vere not hberated in eveiy orchard m the infested region but 
vere concentrated in those that were m danger of senous injury, 
f it IS assumed, as Smith does, that one-third of the orchards 
vere actually treated, the cost per treated acre was about 
57 29 If, however, the cost is spread over the entire 20,000 
Lcres affected, the cost per acre was only $2 43. When compared 
0 spiaymg, which costs in the neighborhood of from $25 to 
)30 per acre for one application, the expense of this method of 



84 


PRINCIPLES OF FOREST ENTOMOLOGY 


control is exceedingly low In 1925, the cost of producing thee 
beetles was reduced from $12 07 per 1,000 to $8,16 per 1,000, or 
reduction of approximately 25 per cent. 

Previous to the time that this direct method of usmg Cryptc 
laemus was developed, this predator was effective in certai 
himted areas m the natural control of mealybugs, but excej 
m these very limited areas it was not an important influence 
Now by usmg it directly, the area m which it is effective has bee 
tremendously extended 

There are no illustrations of the use of parasitic msects fc 
purposes of direct control, although they have been used t 
some extent in the mdirect way for modifying environmen 
Neither have we an authentic case of the successful use of fung 
bacteria, or other parasitic forms to bring about immediate suf 
pression of a forest msect. One attempt to control a forest pes 
the larch sawfly, was made by Hewitt in Canada who tried t 
distribute an entomophagous fungus m forests that were bein 
injured by this insect. Unfortunately, the attempt was 
failure. 

There is, however, one mstance where a fungous disease w£ 
used with apparently successful results against an agriculturt 
pest. In the Central States such a disease was distributed fc 
the purpose of checkmg a chinch-bug outbreak and was foUowe 
by the destruction of the bugs. It is, however, the consenst 
of opinion, that this may easily have been a coincidence. Th 
spread of the disease was apparently made possible by favorabl 
weather conditions. In as much as the disease was ahead 
present to some extent m the region, the favorable weather the 
occurred might have been sufficient in itself without the distnbi 
tion of the inoculum by man to make possible the disease ep 
denuc which destroyed most of the chinch bugs 

Obstacles. — The success of fungous and bacterial diseases i 
reducing msect abundance depends so much upon favorabl 
weather conditions that the use of these organisms offers con 
paratively httle promise at the present time Other disease 
not so dependent upon the weather may ultimately be use 
directly, but at present so httle is known about insect disease 
that httle hope can be held out for their immediate use 

The success of the use of insect parasites and also of msec 
predators depends upon the possibility of rearing them on a larg 
scale at a reasonable cost If it were not for difficulties in th 
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technique of rearing these organisms we should now be able to 
use them extensively m direct control. 

One of the greatest obstacles to be overcome is the difficulty 
of providmg a sufficient quantity of suitable food to make whole- 
sale rearmg possible. This is no easy task. It necessitates 
either the rearing of large numbers of hosts to furnish food for the 
parasites or predators that are produced, or the development of 
some satisfactory artificial food The latter feat has so far 
never been accomphshed although it holds distinct possibilities 
In the rearmg of the predaceous beetle, Cryptolaemus, in 
Cahforma, the food problem has been solved m a very ingenious 
way. It was found that the mealybug can be produced m 
large numbers by feeding them upon potato sprouts By 
making use of this cheap and easily handled food for producing 
adequate quantities of the beetle’s prey, this predator can be 
reared at a comparatively small cost. It is easy to see that if it 
were necessary to rear the mealybugs on citrus trees m order to 
provide food for the predators that the rearing of the latter would 
be so expensive as to be prohibitive 

Other obstacles m the way of large quantity production of 
parasites or predators also exist but none of them presents as 
great a difficulty as the provision of smtable food. For mstance, 
it may be difficult to obtain mating (Jones, 1926) or transporta- 
tion of the msects to the localities where they are needed may 
present difficulties. The problem must be solved of synchroniz- 
ing laboratory production of parasites with the development of 
the pest in the forest so that a maximum supply of the beneficial 
species will be on hand at the proper tune Until these obstacles 
are overcome we shall be forced to turn in most cases to other 
kinds of methods for the direct control of forest pests, and to 
leave the use of biotic factors to the more indirect phases of 
control work 
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DIRECT CONTROL BY CHEMICAL METHODS 

In the foregoing chapter it was shown that, with a few excep- 
tions, biotic methods of direct control are not yet developed to a 
pomt where they can be generally apphed, but that mechanical 
methods are being used m a number of mstances where the cost 
IS not prohibitive We are now ready to consider the most 
generally used methods of direct-control work, namely, chemical 
methods 


FEASIBILITY OF CHEMICAL METHODS 

The use of chemicals for the control of insects has had a 
phenomenal development smce 1868, when pans green was first 
used agamst the Colorado potato-beetle Smce that time 
insecticides have been improved and perfected to such a degree 
that chemical warfare against msects has come to be almost 
umversal Until recently, its use in the control of tree insects 
has been limited to shade and orchard trees Because of the 
high costs involved m applying insecticides, and because of the 
inaccessibihty of forest lands, this method has in the past found 
very little use m forests. 

The Questions of Cost and Machinery. — Recently, however, 
the development of poison dusts and of methods for applying 
these dusts, particularly the use of airplanes for this purpose, 
has opened up a new field of possibilities in the chemical control 
of forest defoliators (Fracker and Granovsky, 1928) By using 
airplanes equipped with a suitable apparatus for distributing 
the dust it is possible to apply insecticides on forests that would 
be absolutely inaccessible to any ground machine (Fig 42) 
The cost of dustmg m this way, which is about $3 to $6 per acre, 
IS not excessive in cases where very valuable timber is being 
protected. It is too high a cost, however, for use under ordinary 
forest conditions Furthermore, if this method of control were 
generally practiced on forests, the areas to be covered would 
be so great that the available supply of arsenicals would be 
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Fig 43 — Spraying to control the elm leaf-beetle on the capitol grounds, 
Washington, D C Note the height to which the spray is thrown {Bureau 
of Entomology, U S Dept Agr ) 
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Fig 44 — The WortWey nozzle for solid-stream spraying old type. 
B and C, later types By usmg one of these nozzles with a high pressure it is 
possible to throw a spray to the top of a tall shade tree {Bureau of Entomology 
U S Dept Agr ) 
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insufficient to meet the demand This method of control, 
therefore, will, in all probability, always be confined to com- 
paratively small areas of valuable timber and to the control of 
3pot infestation which, it is feared, may spread and mvolve 
extensive forest areas if allowed to go unchecked. 

The high-powered hquid sprayer of large capacity has accom- 
clished excellent results m the control of such defoliators as the 
yypsy moth, when apphed to valuable trees m parka, on lawns, 
ind near roads (Kotinsky, 1921) By means of a special nozzle, 
jhe spray can be thrown to the top of tall trees (Figs 43, 44), 
md by means of long leads of hose, it is possible to work back 
rom the roads to a considerable distance The cost of spraying 
s, however, much too high to warrant the use of this method of 
nsect control in the timber forest. It is, nevertheless, and 
irobably always wih be, an important method of fighting park- 
md shade-tree pests. High-powered spraying machinery should 
le a part of the equipment of every well-organized mumcipal 
.ree department. 

The Effect of Poisons. — But aside from the cost and mechanical 
easibility there is another angle to chemical control that should 
lot be overlooked. Even though the economical application of 
loison to extensive areas proves a practical possibihty, httle or 
lothing IS known of the effect that the extensive application of a 
Doison would have upon forest life m general Certainly, the 
iffects of the poison could not be confined to the species for which 
t IS intended What would be the effect of the application of a 
loison upon predaceous and parasitic msects, birds, and preda- 
iious mammals? Undoubtedly, these would all be affected by 
he reduction of their food supply that would almost certainly 
esult from the apphcation of poison It is quite possible that 
he extensive use of poisons in a forest might easily upset the 
iiotic balance in such a way as to necessitate the continuance of 
he treatment each year 

In the present state of knowledge, therefore, the application 
)f poisons over extensive areas of forest cannot be generally 
■ecommended, even though it may become economically possi- 
)le It is a method which should be used with discretion. On 
hade and ornamental trees, however, conditions are different. 
Such trees are growing under artificial conditions, and, m such 
tituations, the effect of environmental resistance on insect 
nultiplication is likely to be lower than normal Hence, it may 
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be necessary in many instances to supplement the natural forces 
of biotic resistance by means of poisons For shade and orna- 
mental trees, therefore, the use of insecticides is an important 
means of protection against insect pests 

THE APPLICATION OF INSECTICIDES 

Any one of several methods may be used in applying msecti- 
cides. The one selected in each mstance will depend upon the 
kmd of insect which we desire to control and how it can best be 
reached 

Methods of Application. — Insecticides may be applied m four 
ways: 

1 By dusting with a finely divided poisonous powder 

2 By spraying, dipping, or washmg with either a finely divided 
poisonous powder in aqueous suspension, or a poisonous chemical 
m aqueous solution. 

3. By fumigating with a poisonous gas. 

4 By means of a poisonous bait 

Each of the above methods of apphcation has its place in the 
scheme of msect control, and each has certain advantages and 
disadvantages. Dusting is wasteful of materials, but the cost 
of application is comparatively low. Spraying, when carefully 
done, and dipping are both economical of materials, but the cost 
of application m both cases is very high. Fumigation is limited 
m use to products that can be stored in a tight room or to small, 
very valuable trees that can be covered by a tent The use of 
poison baits has received httle attention in connection with 
forest-msect control although they have proved their value in 
the control of certain agricultural pests, grasshoppers for instance 
It is possible that further studies of the chemotropic responses 
of forest pests may open the way for the development of effective 
baits for certam of them. A wide field of mvestigation is here 
awaitmg development 

Of all the methods of applymg insecticides mentioned above, 
spraymg and dustmg are m most general use at present. The 
other methods are little used m the control of tree insects, 
although some of them may have possibilities of development to 
the pomt where they may be even more satisfactory than the 
two methods m common use at the present time 

The Necessity for Even Distribution. — In applying insecti- 
cides, by either dusting or spraying, it is essential to success 
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hat there be an even distribution of the poisonous material 
n order to accomphsh this, it is requisite that the killing 
natenals be kept thoroughly mixed with the earner In the 
irocess of dustmg, if the poison be diluted with some inert 
ubstanoe, it should possess approximately the same specific 
;ravity as does the dilutant In liquid spraying, provision 
oust be made for the thorough and continuous agitation of the 
iquid to prevent settling Even distnbution also necessitates 
. discharge of either the dust or the spray at a uniform rate, 
n a hquid spray, the finer the particles of hquid, the better will 
)e the distnbution of poison In order to msure a fine spray 
.nd also m order that the spray may be carried to the tops of 
all trees, a high pressure of from 260 to 500 pounds is necessaiy 
a spra 3 ung Because of the heavy weight of the large quantities 
f hquid that are required m applying insecticides in the form 
f a spray this operation is always earned on from the ground 
"“his, of course, calls for expensive equipment. On the other 
and, the application of dust to tall trees is only possible by the 
se of airplanes, for no ground machine can blow the dust very 
igh m the air. 

CLASSIFICATION OF INSECTICIDES 

Insecticides have been classified, not only on the basis of the 
lethods of application, but also on the basis of the methods of 
ntrance into the body of the msect In this latter classification 
here are two pnncipal groups stomach insecticides and contact 
isecticides Frequently, in entomological literature a third 
roup is recognized, the fumigants. This type of msecticide is 
D closely allied to the contact type m its action that it will be 
reated here under that head 

Characteristics of Insecticides. — In most respects the two 
hief types of insecticides differ greatly thus demanding separate 
iscussion, but there is one characteristic which both types must 
ossess and another set of characteristics the possession of which 

highly desirable The essential or requisite characteristic 

a correct degree of toxicity. In order that any msecticide 
lay be of practical use it must be sufficiently toxic to kill the 
isect pest but at the same time not sufficiently toxic to harm the 
'ees upon which it is applied One illustration of this is found 
i the use of arsenic White arsenic is highly toxic to insects, 
ut it IS also highly toxic to plants, therefore, in spraying, such 
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insoluble salts of arsenic as lead arsenate or calcium arsenate 
which do not injure foliage should be used, even though they are 
decidedly less toxic to msects than is white arsenic. The proper 
degree of toxicity is, then, an absolute necessity. 

Both contact and stomach msecticides should, in addition, 
when applied as a hquid spray, possess the powers of wettmg, 
spreadmg over, and adhermg to both the body of the insect and 
the surface of the plant The eflSicacy of any insecticide applied 
by means of spraying depends largely on the degree to which it 
possesses these important characteristics 
Often the distmction between wetting and spreading is not 
understood The term wettmg refers merely to the fact that a 
physical contact exists between the hquid and the substance 
wetted. But even though there is a physical contact the hqmd 
may not spread. For mstance, when oil and water are placed 
together there is a physical contact between the surfaces of oil 
and water, but a drop of water on an oil surface does not spread 
If wettmg is accomplished, then the powers of a spray to 
spread will depend upon the forces of cohesion of the hquid, and 
of adhesion between the hquid and the sohd The spreadmg of 
a hquid on a sohd surface is, therefore, a surface-tension phe- 
nomenon. If the force of adhesion is greater than the force 
of cohesion of the hquid, then the hqmd will spread over the 
surface of the sohd If, however, the force of cohesion of the 
hquid IS greater than the force of adhesion between the liquid 
and sohd, then the hquid will collect m droplets In order to 
be most effective a spray should, therefore, have a comparatively 
low surface tension so that its force of cohesion wiU be less than 
the force of adhesion between it and the surface upon which it 
is sprayed. The adhesmty of insecticides applied as a dust or as 
an aqueous suspension depends upon certain physical character- 
istics which will be discussed later under stomach msecticides 
Stomach Insecticides. — Those msecticides that gam entrance 
into the body of msects by way of the mouth and the digestive 
tract are called stomach insecticides They may be applied m the 
form of a dust, a spray, or the toxic mgredient in a poisonous bait 
When used in the form of a dust, or spray, a stomach poison 
should be a comparatively stable compound that will not decom- 
pose on exposure to the air or be dissolved readily by ram It 
must be capable of stickmg to the surface upon which it is apphed 
so that it will remam on the tree long enough to permit the msects 
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0 eat a killmg dose. It must also be finely divided so that it 
lay be blown mto the air in the form of a cloud or, m case of 
quid sprays, so that it will be held m suspension in a hquid 
Smce this type of insecticide must enter the insect's body by 
^ay of the mouth and the digestive tract, it can be used effec- 
ively only upon those msects that have biting mouth parts, in 
B much as the sucking type could not ingest a fatal dose of 
rsemc in the process of puncturing the plant tissues Stomach 
isecticidea are used pnmanly against defoliatmg insects, 
[though m a few cases they have proved effective in poisomng 
oung borers as these insects cut their way through the bark 
Jraighead (1916), for mstance, has used successfully a 2 per cent 
Dlution of sodium arsemte with kerosene emulsion for this 
urpose When applied to the bark of freshly cut logs or 
isceptible trees the young larvsB were killed before they could 
enetrate mto the cambium. Unfortunately, the arsenic, bemg 
)luble, IS easily washed out of the bark by rams; therefore the 
•eatment is often only effective for a short time. 

The stomach msecticides m most common use are certain 
’senicals although some orgamc substances, like nicotme and 
Bllebore, may sometimes also be used. Recent experiments 
ith sihco-fluondes mdicate that some of this group of chemicals 
ive high msecticidal quahties, they may prove to be both cheap 
id useful substitutes for arsenicals Lead arsenate and calcium 
•senate are the two compounds most universally used at present 
the control of tree defohators Other common arsemcals 
■e pans green, zmc arsemte, magnesium arsemte, and london 
irple None of the arsemcals used as insecticides are sold in 
1 absolutely pure condition All of them contain small quanti- 
se of other arsenical compounds some of which are water 
luble Soluble arsenic, because it is able to penetrate and 
jure leaves to which it is applied, should not be used on trees 
v'en the small quantities contamed in some of the msecticides 
)Ove mentioned are sufficient to cause burnmg when apphed 
tender leaves The two arsemcals now most commonly used, 
id arsenate and calcium arsenate, contain such small quantities 
this dangerous substance that their use is attended with, very 
tie danger. The others mentioned above contam larger 
Lantities of water-soluble arsenic and hence cannot be used 
discnminately without taking proper precautions By adding 
ae to the suspensions of these chemicals the soluble arsenic 
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combines with the lime to form calcium arsenate which is, of 
course, insoluble in water In this way some of the more 
uncertam arsemcals may be made reasonably safe. 

Both lead arsenate and calcium arsenate are usually sold in the 
form of fine powders that may be apphed either as a dust or m 
aqueous suspension Lead arsenate may also be obtained in 
paste form. The powdered lead arsenate contams the equiva- 
lent of about 30 per cent arsenic oxide and usually less than 1 
per cent soluble arsenic Calcium arsenate, on the other hand, 
contains the equivalent of about 40 or 45 per cent arsenic oxide 
and IS, accordingly, more toxic than lead arsenate In using 
calcium arsenate there is somewhat more danger of injury to the 
fohage than with lead arsenate because the calcium arsenate 
decomposing as a result of a reaction with carbon dioxide in the 
presence of moisture forms a soluble arsenic. Burning of the 
foliage may, consequently, result unless there is an excess of lime 
present. This kind of injury occurs most commonly when damp, 
foggy weather follows spraying Calcium arsenate has, how- 
ever, the advantage of being somewhat cheaper than lead 
arsenate. 

Both lead arsenate and calcium arsenate have fairly good 
adhesive qualities, due m part to the small size of the pailiclos 
and, m part, to their flake-like structure, but even so, heavy rains 
are liable to wash off a large proportion of the poison It has 
been shown that both the surface of the leaf and the particles of 
these two arsemcals carry a negative electric charge (Moore, 
1925). Because opposite charges attract one another, the 
development of positively charged arsemcals would increase the 
adhesive power of these materials. Within the last few years a 
positively charged calcium arsenate has been perfected and is 
now being sold. In order to increase mechamcally the adhe- 
sivity of arsemcals, various materials are sometimes added to the 
spray suspension Some of these are soap, molasses, glue, size, 
glucose, resin stickers, and gelatme. These materials also 
increase the spreading power of sprays by reducing the surface 
tension of the hqmd, thus insuring better distribution of the 
poison. 

Contact Insecticides. — Unlike the stomach poisons that have 
been considered here, the contact msecticides do not need to 
enter the msect’s body by way of the digestive tract They 
enter either by way of the respiratory system or through the 
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thinly chitimzed mtersegmental membranes. In some instances, 
by means of their action upon the body surface, they may 
destroy the msect without actually entermg the body. In a 
very few cases they may kill mechamcally by plugging the 
tracheae and thus depnvmg the insect of oxygen A contact 
insecticide may gam entrance mto an msect ’s body in the form 
of either gas or hquid This type of msecticide is useful against 
amaU sucking msccts, hke aphids and scale msects It is also 
3ffective against some of the small caterpillars and leaf miners 
It IS difficult to kill the older stages of either the sucking or bitmg 
Forms because of the greater resistance to poisons that the msect 
develops as it grows older 

The most important factors mfluencmg the action of a contact 
nsecticide are* (1) toxicity; (2) power to wet and spread over 
m msect ^s body, (3) low viscosity; (4) the ability to penetrate 
jemipermeable membranes, (5) volatility. 

Unless an insecticide kills mechanically by plugging the 
jpiracles, as very few do, it is necessary, as has been already shown, 
jhat it be toxic to insects. But the effectiveness of the insecticide 
s not always m direct ratio to its toxicity Some of the other 
actors mentioned above are of even greater importance For 
nstance, if a pure aqueous solution of any material is apphed to 
-he body of an msect, it will collect m drops and run off. Such a 
lolution, because it would not be able to reach a vital spot, 
vould not be nearly as effective m killing the msect as a much less 
-oxic material that would spread over the insect^s body An 
nsecticide that tends to run off the insect’s body can kill only by 
neans of its volatile constituents which evaporate mto the air, 
ind envelop the insect m a poisonous gas even though the hquid 
s not m direct contact A hqmd that spreads over the insect’s 
)ody surfaces, on the other hand, wiU penetrate mto the mter- 
egmental areas and, also, will be drawn mto the tracheae by 
lapiUanty; thus it will reach those parts where entrance mto 
he insect’s body is easiest. Contact insecticides, like stomach 
Qsecticides may have this spreading power greatly increased by 
he addition of soap or some other substance that will reduce the 
urface tension of the spraying liquid 

The viscosity of a solution may m some instances be of impor- 
ance m limiting the effectiveness of a contact msecticide 
/iscosity affects not the amount of spreading but the rate of 
preading In case of a volatile material, if the viscosity is too 
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great, the toxic principle may be lost before it reaches a vital 
spot Also a viscid solution, like strong soap, which increases 
in viscosity as evaporation progresses, might solidify, as a result 
of evaporation, before reachmg a vital part 

Ajiother important factor determining the effectiveness of a 
contact insecticide is its ability to penetrate semipermeable 
membranes. This requires either that the material penetrate 
in the form of gas or that it be m crystalline solution, A non- 
volatile colloidal solution or a suspension, even though it con- 
tained a highly toxic material, would not be an effective contact 
insecticide because of its mabihty to penetrate through the 
membranes into the insect^s body 

The factor of volatihty is also important. The best contact 
insecticides not only possess the quality of wettmg and spreading, 
but they generally also contain a volatile substance; thus they 
have two chances of killmg. They may penetrate into the 
insect^s tissues m the form of either a liquid or a vapor In the 
latter case their action is identical with that of a fumigant In 
some cases, a volatile material, like nicotme, may penetrate the 
tracheffi m the form of a gas, condense on the walls of the small 
trachesB, and then penetrate through the tracheal walls m the 
form of a hquid In other cases, such a material may enter the 
trachea m the form of a liqmd and penetrate the tracheal walls 
in the form of a gas Volatihty also has another important 
influence A small dose of a very volatile material is not as 
likely to be fatal as is an equal dose of a less volatile, and equally 
toxic, substance This is because of the time factor of toxicity 
In the case of the very volatile substance, evaporation would 
take place so much more rapidly than in the case of the less 
volatile substance that a hght dose of such a substance is likely 
to act merely as an anesthetic, whereas, a similar dose of a less 
volatile, though no more toxic, substance would have remained 
withm the msect^s body long enough to have produced death. 

There are many different materials used as contact insecti- 
cides, m fact, they are so numerous that it wiU be impossible to 
mention them aU here. Only a few of the most important will 
be discussed briefly. 

The most generally used of all the common contact insecticides 
are the mcotme preparations. Nicotme is used m the form of a 
fumigant, a dust, or a spray. It is also used m dips and washes 
Nicotme fumigation is useful in greenhouses and conservatories. 
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It is usually accomplished by burning paper impregnated with 
nicotme. Nicotine dust is made by impregnatmg some mactive 
dust, such as hydrated or air-slaked hme, with nicotine. Nicotme 
dust is used chiefly for a contact msecticide, but it may also have 
the effect of a stomach poison It is not so effective, however, 
as lead arsenate. Nicotme solutions for spraymg may be made 
by steepmg tobacco leaves m warm water, but the most satis- 
factory sprays are the commercial extracts These extracts 
contam a standard quantity of nicotme, usually 40 per cent, and 
can be easily diluted to the necessary strength. 

Commercial solutions are sold m two forms: free nicotme 
solution and nicotme sulphate solution. The first is volatile 
and much more toxic than the second. These 40 per cent 
extracts are usually used at the rate of 1 part of nicotme extract 
to 800 or 1,000 parts of water. In spraying with these 
solutions, soap should be added at the rate of 1 pound to 50 
gallons to produce spreadmg When soap is added to a nicotme 
sulphate solution, the alkah m the soap breaks up the mcotme 
sulphate and frees the mcotme. Thus, in this case, the soap 
not only is a spreader but also mcreases, by a chemical reaction, 
the toxicity of the spray. 

Many mmeral oils are effective msecticides, but, because of 
the great variation in their chemical composition, their use m 
many cases has been unsatisfactory. The use of kerosene emul- 
sion has been almost discontinued for this reason In compara- 
tively recent years, however, various miscible oils have come mto 
use. These are for the most part standard commercial products 
giving uniform results. They are proprietary preparations 
contammg mmeral oils in combination with a vegetable oil and 
an alkali to make them miscible m water. They are essentially 
emulsions These materials are particularly effective against 
scale insects and msect eggs The fact should be emphasized 
that, generally, these materials are safe only when used upon 
trees in the dormant stage. 

Soaps contammg a high percentage of free alkah have been 
used for contact msecticides They kiU by their caustic action 
and occasionally by pluggmg the spiracles of small msects. 
They are, at best, rather uncertain insecticides 

One of the most widely used materials for the control of scale 
msects and insect eggs on trees is hme sulphur This matenal 
IS composed of polysulphides which oxidize on exposure to the 
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air. When a small insect is covered with this material, the 
rapid oxidation of the chemical robs the insect of its oxygen, 
this results m a sort of chemical asphixiation Lime sulphur is 
used also for a fungicide. It is effective agamst insects only 
m a solution of stronger concentration than is safe during the 
season of active tree growth; therefore it can be used to kill 
insects only when the trees are dormant. Concentrated com- 
mercial lime sulphur is available on the market and is the form 
commonly used Its specific gravity should be about 30® B6 
and, when used for the purpose of a dormant spray, should be 
diluted at the rate of 1 part of the concentrated solution to 9 
parts of water Dry lime sulphur and other forma of sulphur 
and lime are on the market. These substances vary greatly 
in effectiveness. 

Hydrocyanic acid gas is a fumigant which is frequently used 
in treating infested nursery stock, household insects, and stored 
gram pests. It is a deadly gas which must be handled with 
great care The gas is hberated by droppmg either potassium 
or sodium cyanide mto a 25 per cent solution of sulphuric acid 
The cyamde salt is used in strengths varying from H ounce to 
1 pound per thousand cubic feet One mhalation of this gas 
may easily be fatal to man; this material, therefore, should not be 
used by mexpenenced people 

From the preceding discussion of direct methods of forest 
msect control, some conception may be gamed of the many 
means that ai’e at our disposal for checkmg msect outbreaks 
The method, or methods, used m any particular mstance depends 
upon the habits of the pest on the one hand, and economic 
conditions on the other. As has previously been pointed out, 
these direct methods of control are all curative m character 
and are chiefly applicable under conditions where the value of 
the trees, or the wood products, is high The next section will 
deal with indirect, or preventive, control methods. 



CHAPTER VIII 


INDIRECT CONTROL OF TREE INSECTS 

The control of forest insects by the direct methods previously 
descnbed is m its very nature expensive. Such methods call 
for a considerable outlay of capital, tune, equipment, and 
materials. These operations are, as a general rule, curative in 
character, and are applied after the pest has become sufficiently 
abundant to be mjunous. The mdirect type of control that wiU 
now be discussed is preventive rather than curative. Under 
indirect control may be classed all those operations that are 
designed to modify environmental factors so that conditions 
become unfavorable for the rapid multiplication of the insects 
These operations are applied, as a rule, before the msect 
becomes epidemic. Through a knowledge of the habits and 
physical requirements of msect pests, injury by them may 
be prevented, or reduced to the minimum Indirect control 
may not be such a conspicuous victory for the entomologist 
from the sensational viewpomt, but it may be quite as effective 
and even more econonucal in preventing msect damage. 

The apphcation of mdirect control calls for a detailed knowl- 
edge of the habits of the pests, of their relation to other organisms 
with which they are associated, and of their reactions to the 
physical elements of their environment. A much more profound 
and detailed knowledge of insect pests is necessary for success 
m mdirect control, than for the successful application of direct 
methods Needless to say, present knowledge is not sufficiently 
complete to make possible the general apphcation of these 
mdirect methods to all pests, but much progress m this direction 
has already been made, and at the present time forest ento- 
mologists, reali25mg the possibilities of this line of development, 
are devotmg much effort to the acquisition of the necessary 
information. 

For many years the use of indirect-control measures has had a 
place in the protection of freshly cut wood Recently, indirect 
methods have also been applied to the control of insects that 
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attack the living tree. In the following pages, there will be 
discussed some of the important indirect methods that have 
actually been applied to the control of insects of forests and forest 
products, and some that show promise of development. Indirect 
control measures may be divided into two groups as follows: (1) 
chemical and mechanical methods, (2) biotic methods. The 
first of these will be discussed at length m this chapter, while 
biotic methods along with silvicultural practices, in which 
various methods can be used, will be taken up in Chap. IX. 

Chemical and mechanical methods of insect control are usually 
thought of as methods to be used only m a direct way against 
the insects themselves, but they may be used quite effectively 
m an indirect way. In most cases when used mdirectly, chemical 
and mechanical methods operate best against pests of forest 
products, but in some cases green trees may also be protected 
The object of these methods m all cases, when used mdirectly, 
is to make the environment of an insect less favorable than it 
would otherwise be; thus, indirectly, through mcreasmg environ- 
mental resistance, they would cause an ultimate reduction m 
the numbers of an injurious species. The environmental factors 
most commonly modified by these means are the nutritional 
factors of kind and quantity of food, and the physical factors of 
moisture and temperature Modification by chemical or 
mechamcal methods of each of these factors m turn will now be 
discussed 

CONTROL BY MODIFICATION OF FOOD SUPPLY 

For control purposes, the food supply of an insect may be 
modified in three different ways: It may be made inaccessible 
by erecting either chemical or mechamcal bamers, it may be 
made less available by reducing its actual quantity; or it may 
be made unavailable by changing its composition. The indirect 
control of insects by the modification of food supply wiU be 
discussed under these three headings. 

Inaccessibility through Barriers. — Although the use of chemical 
bamers in the control of wood and tree insects has not been 
developed to a very high degree of efficiency, it has been demon- 
strated that many of the common spray materials may be used 
in this way. A number of them have a decided repellant effect 
upon insects, examples of these are bordeaux mixture, lime 
sulphur, iron sulphate, and even whitewash All of these repel 
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insects for a time after they have been applied. In addition 
to these materials, there are a number of tree pamts on the market 
that are mtended to give protection from insect attack Most 
of these, however, are valueless, and some are actually injurious. 
In general, the use of these pamts should be avoided. One very 
good repeUant wash has been developed by Pettit (1923) This 
IS a soft-soap mixture containing naphthalene that is effective 
agamst a number of borers, Chrysobothns, for example Its 
use IS hmited, however, because of its drawbacks: it is difficult 
to mix and apply; it is rather expensive, and it must be applied 
several times during a season to msure satisfactory results 
Stdl other chemicals, for example, creosote and carbolmeum, 
applied m the form of emulsions, have a strong repeUant effect 
upon many wood borers In some mstances they have been 
used successfully on green trees (Graham, 1916). 

The use of chemical repeUants on freshly cut wood has not 
been practiced commercially, but expenments, by Craighead 
(1922) have demonstrated that logs can be protected m this 
way He found that spraying or dipping logs in creosote diluted 
with kerosene would prevent aU insect attack Ordinarily this 
material is too expensive for use on logs intended for lumber, 
but it may be profitably used m protectmg rustic work, and 
possibly m the protection of exceedingly valuable logs mtended 
for special uses He also found a mixture of pyradine and 
kerosene, in the proportions of 1 to 10, to be highly effective 
for a repeUant when apphed to green logs Snyder (1924) has 
demonstrated that creosote is an effective repeUant against 
termites. 

In the protection of trees from msect attack, mechanical 
barriers are sometimes used. In Europe they have even found 
a place in timber forests, but m America their use is confined to 
shade and other ornamental trees, in as much as economic 
conditions wiU not permit the apphcation of these comparatively 
expensive means of msect control on trees mtended for lumber 

The use of sticky bands to prevent defohating msects from 
reaching the fohage by climbing trees has proved so effective 
that it is widely used in the control of cankerworms, tussock 
moths, and gypsy the moth on shade trees. Such bands can only 
be effective agamst insects that reach the foliage by crawhng up 
the tree trunks The commercial preparation called 'Hree 
tanglefoot” is the most convenient material for this purpose, 




Fig, 45. — Gypsy-moth larvae congregated on a tree trunk below a sticky 
band over which they ore unable to crawl {Bureau of Entornolouy, U, S, Dept, 
Agr) 


banding is done (Collins, 1920). To be effective the bands 
should be watched closely to insure renewal whenever they lose 
their sticky quality (Fig 46) The screening of the trunks of 
especially valuable shade trees has been recommended by 
Burke (1921) to prevent their reinfestation by the carpenter 
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moth. That is, of course, a method too expensive to use except 
under unusual circumstances 

In the protection of forest products, particularly seasoned 
materials, the use of mechanical barriers is important. For 
mstance, one of the most effective barriers against insect infesta- 
tion IS a coat of paint or varmsh applied over the surface of suscep- 
tible wood. This is particularly effective against dry wood 
insects, for example, the lyctus powder-post beetles (Snyder, 
1926) Because these beetles deposit their eggs m the open pores 
of seasoned hardwood lumber, a coat of paint or varmsh, that 
closes these pores, prevents infestation. 

Reduction in the Quantity of Food. — Reduction in the quantity 
of food available for msect pests offers an effective means of 
insect control, especially m the protection of forest products. 
This may be accomplished m several different ways. Three 
of the most usual are by prompt utilization, by barkmg freshly 
cut logs, and by the disposal of waste materials. 

The prompt utihzation of logs and other forest products is 
one of the most obvious methods of preventmg msect injury to 
this class of materials, but it is surpnsmg how often the impor- 
tance of this simple means of protection is overlooked A 
tree is most susceptible to msect attack just after it has been 
out or killed. As the cambium region and sap wood dry out, 
the wood becomes less and less attractive to a large proportion 
of wood-mhabiting maects The greatest amount of msect 
damage is done durmg the first season after the tree has been cut 
or has died After that, the organisms causing decay hold the 
center of the stage. 

For this reason, one of the most effective ways of preventmg 
insect mjury, and likewise the succeeding fungous injury, is to 
utihze the logs as soon as possible after they are cut; or to salvage 
without delay trees killed by fire, msects, or other causes before 
they have detenorated. This calls for prompt action in many 
mstances. 

In the case of trees killed by a spring fire, the problem of 
prompt utihzation is almost hopeless because the trees will be 
infested with borers withm a few weeks after they are burned. 
Unless it is possible to divert logging operations to the salvage 
work immediately, heavy losses cannot be avoided When the 
trees are killed in the summer or fall, on the other hand, they will 
not be seriously injured until the following spring In the 
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latter instance, there is more time to plan and execute salvage 
operations, the mere cuttmg of the killed trees, however, does 
not mean that there will be no loss Logging is only the first 
step m the process of salvage. If losses are to be avoided, the 
logs should either be sawed immediately or be treated by one of 
the methods discussed hereafter. This is particularly true of 
fire-kiUed material because of the great attraction that scorched 
timber appears to have for wood borers. The same rule also 
apphes to green logs cut m the regular logging operations The 
shorter the tune between felling and manufacturing, the smaller 
will be the chance of loss as the result of insect attack 
By removmg the bark from freshly cut logs infestation of 
this kind of material by wood-bormg msects may be prevented, 
to a considerable degree This is because many species of wood- 
bormg insects that injure freshly cut wood, for example the pine 
sawyers, other Cerambycidse, and many Buprestidae, require, 
durmg the early larval penod, the succulent tissues of the inner 
bark and cambium The young larvae of these species work in 
this region where the protein content is high, and where the 
available food materials are easily digested and assimilated. 
Later m their development, many of them tunnel into the solid 
wood, where they do their greatest damage. Because of the 
unfavorable conditions for borer development, the eggs of these 
insects are usually not deposited on healthy living trees, therefore, 
the wood when cut is usually unmfested The removal of bark 
from freshly cut logs, pulpwood, or other wood products, destroys 
the source of food for the early stages of these pests, and thus 
makes impossible their infestation of the logs 
Barkmg, although not as cheap as water treatment, as shown 
later, is not an expensive operation. The average cost in the 
Lake States is about 10 cents per log This amount would be 
correspondingly higher, per log, m the larger timber of the North- 
west, but would be lower on the basis of cost per thousand feet 
Nevertheless, even though the absolute cost is not excessive 
it is not justifiable under all conditions The advisability oi 
barking depends upon the cost of labor, the size, and the value 
of the logs. Without doubt it pays to bark butt logs and seconc 
cuts that are to be held over the summer, because the grade o1 
these logs might easily be reduced from a select grade or number ] 
common to number 4 common, thus causing a loss of from $5( 
to $100 per thousand board feet. On the other hand, it n 
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doubtful whether or not barking small, knotty logs or top logs 
will ever be profitable, because such logs contam only low-grade 
materials, with the result that the reduction of grade by insect 
attack would be comparatively slight. The profitable apphca- 
tion of barking, therefore, depends primarily upon the value of 
the protected material 

By properly disposmg of waste matenals in which mjurious 
insects may breed, many of our insect troubles may be prevented. 
For instance, in manufacturing plants that use hardwoods, the 



Fig 46 — ^Large piecos of slash left after a slosh-burning operation that was 
regarded as being very thorough In the usual operation much more would bo 
left Breeding places for most of the potentially mjunous mseota that hve m 
slash have not been destroyed {Bureau of Entomology, XJ 3. Dept Agr ) 

danger of powder-post-beetle mfestation will be greatly reduced 
if all waste wood is promptly disposed of The accumulation of 
such waste is very likely to lead to insect troubles sooner or later. 

Likewise, in the forest, the proper handhng of logging waste or 
slash is sometimes important from the standpomt of insect 
control The ordmary methods of slash disposal are directed 
primarily toward fire prevention, and as a result, only the smaller 
and more mfiammable portions of the slash are taken care of 
(Fig 46) This type of disposal has little or no mfluence upon 
dangerous forest pests, because the potentially injurious species 
either do not breed in logging waste at all, or else they are found 
only m the larger parts like the large branches, broken logs, and 
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stumps (Graham, 1922) In order to be effective in checking 
the multiphcation of potentially mjurious insects, disposal of 
the larger parts by utilization, barking, burning, or some other 
smtable method is necessary. 

The general consensus of opmion is that hardwood slash is 
almost never a breedmg place for insects that attack livmg trees, 
and even coniferous slash is not such a serious menace as it has 
sometimes been regarded. There are instances, however, when 
coniferous slash presents important problems (Keen, 1927) 
As long as logging is gomg on, and fresh slash is continually 
bemg supplied by successive operations, the insects breeding 
in this material will find adequate feeding places for each genera- 
tion. When loggmg operations end m a locality, then the slash 
insects, because of a scarcity of readily available food, may attack 
and kiU standmg trees or injure advance growth Such out- 
breaks are usually sporadic and seldom occasion great mjury. 

One of the important insects that appears to be definitely 
associated with eastern white-pine slash is the pales weevil, 
Hylohius pales (Pierson, 1921) This msect breeds in green pme 
stumps and injures advance growth by feeding on the bark of 
these small trees. The barking of stumps, m regions where this 
pest is abundant dunng the mid-summer following loggmg, has 
been recommended to check its rate of multiplication, with 
protective results for the seedhng trees on the cutover areas 

Changes in Food Composition. — The composition of an insect^s 
food IS generally very defimtely limited Each species or group 
of species has its own special food reqmrements In view of this, 
whenever it is possible, to so change the character of an insect ^s 
food that it is no longer smtable for its use then another valuable 
means of insect control presents itself. Fortunately, this is 
often possible, and consequently some of the most effective 
control methods are based on the changing of food composition. 
These methods are especially applicable to the control of cambium 
and cambium-wood insects working in freshly cut wood The 
cambium region, even at best, is smtable for the development of 
these insects for only a comparatively short time. If this period 
can be stiU further shortened, so that there is not time for the 
development of the insects, or if a change in composition can be 
brought about before the wood is exposed to insect attack, 
injury by cambium-wood insects can be materially reduced or 
even eliminated 
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One of the ways by which wood may be protected from the 
ttack of cambium insects is to give an opportunity for changes 
0 take place in the cambium before time for the insects to begin 
mrk. This can be accomphshed by cuttmg at the proper time 
f the year Unpublished results of experiments by Craighead, 
nd also by other workers, show decided differences m suscepti- 
dity to msect attack between logs cut at different seasons of 
be year. This condition is particularly true m the northern 
Bgions, where there is a long period of dormancy during the 
inter 

Experiments at Itasca Park, Mmn , have shown that logs cut 
unng late summer and early autumn are more immune to 
orer mjury than are logs cut at other seasons of the year. Such 
)gs are not immediately attacked, because no cambium insects 
re flymg at that season. Not until the followmg spnng, 8 or 9 
lonths after cutting, will these msects be on the wmg. By 
lat time, changes wdl have taken place in the cambium which 
iduce its attractiveness and desirability for use as a breeding 
lace Exactly what the changes are, that occur durmg the 
Litumn and winter, is not known, although they are evidently 
oth physical and chemical m nature. They are frequently 
3 companied by a change m the color of the tissues, although 
imetimes httle apparent change occurs. When the cambium 
ranges color it apparently no longer furnishes suitable food 
»r the cambium borers, but even when no apparent change has 
3 curred, wood cut m the autumn is not so susceptible to the 
.tack of these msects as wood of the same tree species cut in 
te winter or early spring 

Cuttmg at the most favorable time is one method of msect 
)ntrol that has been httle developed. In view of the results 
experiments, it appears possible that, m some instances, a 
Dnus might profitably be paid by buyers for material cut m 
te summer, to encourage small operators to mcrease the 
atenal cut at that season of the year, thereby reducmg the 
jantity of wood susceptible to insect attack. 

When it IS impracticable to cut wood at such a time that it 
dl no longer contam palatable food by the tune the msects fly, 
may be possible to change food conditions by rapid seasoning 
\ as to shorten the period of susceptibihty. With thick-barked 
eces this may be accomphshed by barkmg. This accomplishes 
double effect. It reduces the total quantity of food available 
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for the cambium eaters, and makes possible the rapid drying of 
the sapwood, with the consequent food changes that soon makes 
the wood unsusceptible to the attack of the msects which feed 
m green sapwood With thin-barked pieces to accomplish 
rapid seasoning, all that is necessary, in many cases, is to pde 
the wood in well-ventilated piles. This latter method is not 
certain in the cooler northern latitudes, however, because of a 
slower rate of drying. In such locahties, both barkmg and 
piling in well-ventilated piles are necessary to msure rapid 
seasoning. 

In the South, on the other hand, rapid seasonmg for the purpose 
of modifying the character of the food, by means of sun cunng 
of logs, has been used successfully Under this method the 
pieces of wood are either piled m open piles or, in the case of 
logs, placed side by side on skids. In the latter case, it is neces- 
sary to rotate the logs every few days to msure even cunng on all 
sides 

Seasonmg wood for the purpose of producing unfavorable food 
conditions for msects is not only applicable to logs and bolts, 
but also has its place in the protection of sawed lumber. During 
the process of drymg, food modifications occur which prevent 
aU future attacks of some insects, even though moisture condi- 
tions may later become favorable Ambrosia beetles are repre- 
sentatives of this group. The more rapid the seasoning, the 
shorter will be the period during which attack by these pests will 
be possible Careful piling of green lumber in such manner that 
there is free circulation of air through and around the piles 
hastens drymg, but where the equipment is avadablo, kiln 
drymg is an even better course of procedure 

Still another means of protecting freshly cut wood from insect 
attack is by water treatment. The chief effect of this treatment 
is to change, unfavorably, the moisture conditions. This effect 
will be discussed in the followmg section. But water treatment 
also changes food conditions. It is a matter of general knowledge 
that after logs have been in water for some time they cease to 
provide suitable food for many wood-bormg species. Logs 
driven in water to the mill are only shghtly susceptible to insect 
infestation when removed from the water (Fig 47). Deadheads 
when taken out of the water are practically safe from msect 
attack. Craighead, in some unpublished work, has shown that a 
submergence of 12 months so changes the physical and chemical 
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nature of logs that they are no longer susceptible to infestation. 
Short periods of floating in water have comparatively little 
effect upon food composition within the wood. For this reason, 
short periods of driving followed by removal from the water have 
httle or no effect either upon the insects present in the logs or 
upon the susceptibility of the wood to later infestation. To be 



Fig 47 — Dnvmg logs down the Big Fork River, Minnesota. These logs 
will be in water for from several months to a year. They will then, on removal 
from the water, be immediately sawed mto lumber. There will, therefore, be no 
opportumty for insect mjury to them 

effective in changing food conditions, water treatment must be 
contmued over a period of from several months to a year. 

CONTROL BY MODIFICATION OF MOISTURE CONDITIONS 

It was shown m Chap. IV that one of the most important 
factors determming the rate of mseot development is moisture 
Insect development is limited by the moisture requirements of 
each species to a definite moisture zone Outside this zone of 
moisture toleration, development is impossible, consequently, 
effective control of msects m logs may be accomplished either 
by lowering the moisture content of the logs below the limits 
of the msect's zone of moisture toleration or by raismg the 
moisture content above that zone 

Reduction of Moisture. — We have seen m the preceding section 
that piling, barkmg, and sun cunng are methods which may be 
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used to change unfavorably the composition of insect's food 
We shall now see that these same methods may be used for the 
purpose of reducing the moisture content to a pomt below the 
zone of moisture toleration. The piling of freshly cut wood m 
well-ventilated piles has frequently been advised in the belief 
that it was all that was needed to produce adequately dry condi- 
tions to inhibit the development of most insects (Fig 48) As 
a matter of fact, it has been found that only logs with very thm 
bark will season quickly and even these, unless exposed to high 



Fig 48 — A pile of logs, left m the woods over the summer, boavUy mfostod with 
wood-bonng insoota (L W Orr ) 


temperatures in a dry atmosphere, will retain a rather high 
moisture content for several months. In most cases, therefore, 
comparatively rapid seasoning of freshly cut wood cannot be 
obtained except by removmg the bark previous to piling Even 
when this is done, the rate of drying is frequently so low that the 
penod during which the wood is sufficiently moist to allow insect 
development is too long; consequently injury is sustamed 
(Fig. 49). 

If truly rapid drjdng can be secured, it is an effective means of 
control, for it operates m two directions at the same time 
Indirectly, it prevents future attack by wood-bonng species 
and, at the same time, it directly checks the activities of insects 
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that have already become estabhshed m the wood, slowing up 
their rate of development and sometimes even stoppmg it 
sntirely. An example of this is found m the ease by which the 
[arv80 of the balsam-fir sawyer, Monochamus marmarator, are 
killed by thorough diying of the wood m which they are workmg. 
This effect has been observed by the author m attempts to rear 
this insect Unless the logs are kept moist few, if any, of the 
beetles will emerge 



Fio 49 — Pulpwood piled on dry ground awaiting shipment by boat This wood 
will be heavily infested by wood borers {L, W. Orr ) 


Increase in Moisture. — In many mstances it is much easier 
bo raise the water content of freshly cut wood above the point of 
insect toleration than to lower it below the favorable zone 
We have already seen how water treatment, hke seasoning, may 
control insects by changmg the composition of their food. Now 
sve shall see that this same treatment, with certain limitations, 
nay be used most effectively to change the moisture content 
bo such an unfavorable condition that msect development will 
be checked and sometimes stopped entirely. 

There are two different ways of usmg water treatment. One 
IS by spnnklmg the wood with water, the other by floatmg it m 
a pond The method selected for any particular case will 
depend upon existing conditions Each has its advantages and 
disadvantages 
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The sprinkler system has been limited in its use to pulp wood, 
although it could be used with equal effect upon saw logs 
Under this system, dunng the season of insect activity, the wood 
throughout the pile is kept contmually dripping wet by throwing 
water on the piles. This may be accomplished by means of an 
overhead system of pipes, or the water can be thrown on the 
piles from the ground by means of either stationary water guns 
or a hose. The overhead system is expensive to construct and 
may interfere with the handling of wood m the yard, but it is 
very cheap to operate because it requires a mmunum of atten- 
tion. The method of throwmg water onto the wood from the 
ground requires little or no additional equipment, in as much as 
most wood yards are equipped with water mains for fire-pro- 
tection purposes; but it requires a certam amount of labor in 
directing the stream of water. In both methods of usmg the 
sprinkler system it is, of course, necessary to provide a system 
of drainage to carry oflf the surplus water that runs from the 
piles of wood 

In treatmg wood by the sprinkler system, it should be con- 
tmually borne in mind that the effectiveness of the operatior 
depends primarily upon the thoroughness of the wetting. Unless 
aU the wood m the pile is kept contmually wet, the treatmeni 
will have little or no beneficial effect. This system is likely tc 
give the best results when apphed to irregularly piled wood oi 
short length. On evenly stacked piles the water is likely tc 
run off rather than to drip through the pile 

The second method of raismg the water content of freshly cu1 
wood above the point of insect toleration is, as stated above, bj 
floatmg it m water. This method can be used to protect no1 
only wood stored at the mill but also freshly cut material m th( 
woods. There is no more economical way of preventing injury 
to wood that must be held over m the forest during a seasor 
or more than to get it mto water 

If the wood IS free from infestation when it is floated, no mfesta 
tion will take place. If it has been infested by wood borers* pno 
to floating, the borers will develop no further and, if the wooc 
remains m the water long enough, the insect inhabitants wil 
ultimately be killed by the effect of excessive moisture (Fig 50) 

The chief objections to the floatmg method of protection are 
(1) The obvious fact that frequently adequate water space ma] 
not be available (2) A considerable proportion of the floatec 
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wood will become water-logged and will sink, thus necessitating 
either taking a loss or being faced with a heavy salvage charge. 

In connection with this discussion of water treatment other 
benefits than the protection of freshly cut wood against insect 
injury should not be ignored Wood treated by either sprmkhng 
or fioatmg is protected not only agamst msects but also against 
the growth of fungi. Both staining and decay are checked or 
prevented by water treatment Another benefit of water treat- 
ment IS the reduced fire hazzard It is practically impossible to 
bum wood stored under either of the methods discussed. The 



Fio 60 — Pulpwood stored in water at Grand Marais, Minn This wood will 
not bo attacked by insects (L W Orr ) 


danger of fire m and around the nulls using one of these systems 
is, therefore, reduced, with the result that insurance rates are 
lower than under conditions where risk of fire in the wood yard 
is an important consideration. All these benefits of water 
treatment combine to make it an especially valuable means of 
protecting wood 


CONTROL BY MODIFICATION OF TEMPERATURE 

Wood-bonng msects have, as was stated m Chap IV, a definite 
zone of temperature in which they are active Within this zone 
the rate of development vanes with the temperature The 
higher the temperature, the more rapid their development. 
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Likewise the lower the temperature, the slower their rate of 
development. This reaction to temperature provides us with 
another useful weapon m insect control. We can raise the 
temperature of wood above that favorable for insect develop- 
ment, or we can reduce it until it is below the favorable zone. 
In either case, the activities of the insect mhabitants will be 
checked. 

Reduction of Temperature. — In cool climates where, even at 
best, there is httle more than enough heat for the successful 
development of msects, then* control in wood is sometimes possible 
by operations that will still further lower temperature or which 
will reduce the heatmg effects of the sun during periods when the 
weather is warm. The simplest way by which this effect may be 
obtained is to protect the wood from the effects of the sun by 
shading. In warm, humid climates, of course, the control of 
msects by reduction of temperature is not ordinarily feasible 
The smaller the surplus amount of heat, the easier it will be to 
check insect development by reducmg temperature. 

Comparatively recent experiments m Minnesota have shown 
that the temperature of logs can be very much reduced by heavy 
shading, and that the rate of development of certain wood borers 
is correapondmgly retarded, or even stopped entirely (Graham, 
1925). The pme sawyer, which under favorable conditions 
completes its development m one year, requires from two to four 
years in heavily shaded logs Chrysobothris is even moro 
seriously affected and is unable to exist under heavy shade 
Heavy shading also appears to reduce the amount of infestation 
of logs by wood borers to some degree To obtain satisfactory 
results, however, very heavy shading is necessary Slight shade 
has a tendency to make conditions even more favorable for wood- 
boring insects than full sunlight and frequently results in an 
mcreased rate of infestation. Thus, when shade is used to reduce 
the damage to logs, caused by wood borers, it is essential that it 
be very heavy. 

In the Lake States, experiments have shown that the principle 
of heavy shading may be used effectively in preventing the 
multiphcation of those slash msects which are potentially pests of 
living trees. By piling the smaller slash over the larger parts, 
physical conditions in these larger parts become unfavorable for 
the development of the potentially mjurious insects that might 
otherwise find favorable conditions there 
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Increase in Temperature. — The control of insects by increasing 
temperature has a much wider possible application in direct than 
m mdirect control, but the indirect effects are not mconsiderable. 
Even under conditions where the temperature does not become 
sufficiently high to kill the msects within the logs, mtense 
msolation may be sufficient to prevent oviposition by most 
species For this reason solar treatment may have both a 
direct and an indirect effect 
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OTHER INDIRECT CONTROL MEASURES 

As seen in the foregoing chapter, insect numbers may be 
limited, by chemical and mechanical methods, through modifica- 
tion of some of the nutritional and physical factors of the insects" 
environment It is also possible, m some cases, further to 
increase environmental resistance by increasmg the value 
of the biotic factors This phase of control work wiU be discussed 
under Indirect Biotic Methods This leaves only one of the 
groups of factors entering mto environmental resistance unused 
by man m his attempt to prevent the too rapid increase m msect 
numbers The time is soon coming when even these little-known 
physiological factors are going to be the basis for protective con- 
trol work by the forester The possible use to which he may put 
these characteristics of trees will be discussed under the general 
heading of Silvicultural Practices 

INDIRECT BIOTIC METHODS 

The discussion of biotic balance m Chap V shows that in 
tropical climates biotic factors are of greater importance than m 
temperate regions in mamtaining the balance. This condition 
probably explains the emphasis that entomologists workmg 
m the tropics place upon the importance of biotic methods of 
control. In the more rigorous temperate climates there has been 
a tendency to depend less upon biotic methods It was seen m 
Chap VI that there are very defimte limitations, at the present 
time, on the possible use of biotic factors m direct or curative 
control work. In the realm of mdirect control, it should be 
possible to accomphsh a great deal m the prevention of outbreaks 
of forest pests, by mampulation of the biotic factors of the 
environment. In some cases, this may necessitate the mtro- 
duction of new parasites or predators, more often it will mean 
various activities for increasing the numbers and effectiveness of 
some parasite or predator already present in the forest In 
either case, of course, the object is not, as m direct control, the 
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immediate suppression of an insect pest, but aims rather to 
mcrease the value of the biotic factors of environmental resistance 
for the purpose of ultimate limitation of the insect’s numbers. 
Smce so httle, aside from the introduction of a few beneficial 
species, has actually been done m this field of control, our attention 
will be centered, chiefly, on some of the underlying principles which 
should serve as a gmde in the future use of mdirect biotic methods. 

The Use of Competition. — The first of the biotic factors, 
competition, has seldom if ever been consciously used by man to 
control insects. We should, nevertheless, not overlook the use 
of this factor, which has distinct possibilities, as a means of msect 
control. In fact, it is even now m operation, although without 
conscious direction on man’s part. Workers m the Bureau of 
Entomology have, in a number of instances, noted the checkmg 
of bark-beetle outbreaks as a result of competition between 
bark beetles and cerambycid borers. These borers breed in the 
trees infested by the bark beetles and, by feedmg upon the green 
tissues of the cambium region, rob the bark beetles of them food. 
When the cerambycids are abundant, the bark-beetle broods may 
be almost entirely destroyed. 

It is possible that competition, such as that just referred to, 
may explam why we seldom have outbreaks of mjurious bark 
beetles in regions where contmuous loggmg is being earned on. 
The cerambycids breed freely m loggmg waste and, where there 
IS an abundance of this matenal, it is known that these beetles 
are much more numerous than in other places. Since this is 
true, it is logical to assume, even without recorded quantitative 
evidence, that competition between the borers and Wk beetles 
IS keener where slash is abundant year after year than it is under 
other conditions. It is possible, therefore, that, where loggmg 
IS continuous, bark beetles may be controlled by competition 
with the cerambycids. 

It IS easy to see that when means of handlmg this kind of 
competition are found, we shall have at our command a biotic 
method of preventmg abnormal insect abundance. Even now, 
though we are yet unable to direct or control this force, we can 
take care, in cases where this type of competition is occurrmg, 
to avoid activities that will interfere with its beneficial influence. 

Control by Parasites. — The second biotic factor of the environ- 
ment IS parasites. The use of parasites in indirect control work 
offers great possibilities for future use. In order to obtam wholly 
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satisfactory results in the use of parasites in indirect control 
work, it would be necessary to possess a detailed knowledge of 
the habits and ecological relationships of these organisms. 
Although our knowledge is still far from complete, it is neverthe- 
less suflBicient to permit the laying down of some prmciplea 
determining the effectiveness of these factors m control. It is 
also sufficient to warn us of some of the dangers attendant upon 
their use. 

The effectiveness of a parasite in controUmg insect pests 
depends upon several characteristics, the first of which is the 
possession of a high biotic potential. Any msect possessmg this 
ability will be able to take full advantage of a reduction m the 
sum total of environmental resistance resultmg from an mcrease 
m host numbers. Other things being equal, the higher the 
biotic potential of the beneficial species, the more effective will 
it be in keepmg its host or hosts m check In this connection, 
it is well to note that those parasites among which polyembryony 
occurs, many of the small Hymemoptera for instance, have a 
decided advantage over other parasites m the production of 
numbers Such parasites are capable of tremendous control 
possibilities, even though each individual parasite is able to 
parasitize comparatively few hosts. 

A second characteristic that determines the effectiveness of a 
parasite is the accurate synchromzation of its life history with 
that of its host. As a rule a parasite can attack only one stage 
of the host; in order to be effective, therefore, it must be ready 
to oviposit at a time when that stage of the host insect is avail- 
able. A specific parasite, one that is limited to a smgle host 
should have the same length of life cycle as its host, or a series oi 
brief generations durmg the period of host availability. 11 
might, otherwise, be ready to oviposit at a time when the hosi 
was not at a suitable stage. In order that a perfect synchroniza- 
tion between parsisite and host may be mamtained, it is necessarj 
that the rate of development of the parasite either be stimulatec 
or be retarded by the same factors that stimulate or retard th< 
host's developmental velocity. The effect of these factors mus 
be practically identical upon both host and parasite, or else the] 
must both have a well-estabhshed seasonal periodicity that i 
synchronized. 

Although a high biotic potential and an accurate synchromzatioi 
with the host species are the characteristics of pnmary importanc 
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in determining the effectiveness of a parasite, there are also other 
characteristics that should not be disregarded. For instance, a 
general parasite that is synchromzed with a certam pest may be 
more effective in controUmg that pest than would be a specific 
parasite equally well synchronized. This is particularly true 
durmg the period following the decline of an outbreak, because 
at such a time the general parasite, owing to its ability to attack 
a variety of host species, would not suffer so greatly from a food 
shortage as would the specific parasite Under such conditions, 



Ficj 51 — OpiiiB adult fomalo {Bureau of Entomology, U S Dept Agr) 

the specific parasite would be reduced in the same proportion as 
its host, whereas, the general parasite would be much less reduced 
because it could transfer its activities to other hosts. The general 
parasite would then be in a better position to retard the subse- 
quent multiplication of the host than would the specific parasite 
Many parasites have several generations during a single season. 
In such cases, if their most abundant host is not available at all 
times, alternate hosts will be required This necessity may 
reduce the value of the parasite because its ability to multiply 
IS of necessity limited by the number of its least abundant host 
Another characteristic that frequently determines a parasite's 
effectiveness is its ability to compete successfully with other 
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species. When two species of parasite are brought into direct 
competition, the stronger will survive The survivor may or 
may not be the most effective m controUmg the host species. 
When we mtroduce parasites mto a new region for the purpose 
of controlling a pest, therefore, it is always advisable to know 
their ecological relationships before introducmg species that may 
be competitors. The importance of competition between para- 
sites IB illustrated by the experience of the scientific workers of 
the Bureau of Entomology, U. S. Department of Agriculture, in 
Hawaii, in connection with the control of the Mediterranean 
fruit fly (Pemberton and Willard, 1918). 
After this fly became estabhshed in Hawau, 
a parasite belongmg to the genus Opius was 
mtroduced (Fig 51). This parasite be- 
came established and was parasitizmg 60 
per cent or more of the fruit-fly larvse 
Later another parasite from a different 
part of the world was mtroduced. Accord- 
ing to laboratory tests this second parasite, 
a member of the genus Dyachasma (Fig 
62), was able to find and parasitize 40 per 
cent of the fruit fly. It was thought that 
the introduction of this second species 
would mcrease the percentage of parasitiza- 
tion above the amount possible with Opius 
alone; consequently it was hberated on the island When Dyar 
chasma became established, the total percentage of parasitization 
was reduced rather than mcreased. It appears that Opius para- 
sitized the 60 per cent of the fruit fly most easily reached, and 
Dyachasma parasitized the 40 per cent most easily reached. The 
40 per cent least accessible remained unparasitized. Thus, the 
40 per cent most accessible were parasitized by both species. If 
the supply of food in a smgle fruit-fly larva had been sufficient 
to support both parasites, or if Opius had been the stronger, there 
would have been no change in the percentage of flies parasitized 
It happened, however, that when double parasitism occurred, 
the Dyachasma larva was able to complete its development but 
Opius was not Thus, 40 per cent of the fly larvse were kdled by 
Dyachasma and, mcidentally, two-thirds of the Opius larvse 
were killed at the same time As a result, with each generation, 
the number of Opius was reduced until in 1921 less than 10 
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Fio. 62 — D^acha8ma 
tryom ovipoaiting ii>to a 
fruit-fly larva working in 
a fruit {Bureau of ErUch- 
mologyt U. 8, Dept Agr ) 
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sent of the fnut-fly larvfle in Indian almond fruits were 
itized by Opius, whereas over 35 per cent were parasitized 
)yachasma (Willard and Bissell, 1926). Dyachasma has 
he ability to mcrease its rate of parasitism above 40 per 
hence m this case, because of the inabihty of the more 
ive parasite to compete successfully with its less effective 
etitor, the mtroduction of a parasite actually reduced the 
iveness of parasites m controlling a pest. 

U another characteristic that determmea the effectiveness 
>arasite is its abihty to reach and parasitize its prey. Ljttle 
ilty m this respect is presented by the insects that are 
I on the exposed surfaces of trees, but those that bore mto 
ssues of trees present a much more diflS.cult problem. Many 
3 parasitic Hymenoptera are well fitted to parasitize these 
n larvfB. Some of them are provided with long ovipositors 
1 they are able to msert through solid wood, and there 
lit their eggs in or on the larvse working therein The larger 
5S can reach a larva an mch or even more beneath the 
36 The smaller parasites of this group cannot penetrate 
eply because their ovipositors are not so long. For this 
a, they must confine their attention to borers that are near 
irface. 

studies of the pine tipmoth, it has been found (Graham 
Baumhofer, 1927) that the percentage of parasitism is 
r among the larvae of that insect mining m the tips of jack 
jhan among those mining m western yellow pme. Perhaps 
lifference is due to the comparative size of jack-pine and 
v-pme tips. The jack-pme tips are much more slender than 
lose of yellow pine It seems qmte natural that a larger 
ntion of the tipmoth larvae workmg m these slender tips 
be reached by the small parasites that attack them than 
1 be possible in the thicker tips of yellow pine If this is 
then the mtroduction of a parasite larger than any now 
nt, but still small enough to complete its development m a 
)th larva, might conceivably result m an mcreased per- 
ge of parasitism. 

e requirements for an effective parasite may be summed up 
ew words it should have a high biotic potential; it should 
mchronized with its host in such a way that the adult 
ites are flymg during the time when the susceptible stage 
3 host is available, it should be able to feed upon more than 
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one species of host; it should not be restricted m its multiphca- 
tion by the necessity of spending an alternate generation in a 
host that does not occur abundantly; it should be able to com- 
pete successfully with other parasites when double parasitism 
occurs, finally, it should be able to reach and parasitize a large 
proportion of the potential hosts All of these requirements 
should be borne in mind in the use of parasites for the control 
of msects 

At the present time, the principal use of parasites m the indirect 
control of msects in America is the introduction of exotic species. 
This work is bemg conducted, for the most part, by representa- 
tives of the Bureau of Entomology, U. S Department of Agri- 
culture In most mstances, the insects agamst which the work 
is directed are agricultural or horticultural pests that have been 
introduced accidentally into this country from other parts of 
the world. Some of these are the alfalfa weevil, the European 
corn-borer, the Mexican bean-beetle, the Japanese beetle, and 
the brown-tail moth. Only one forest pest, the introduced gypsy 
moth, has received a great deal of attention. About $50,000 
IS spent annually m the collection m foreign lands, in investiga- 
tion, and in colonization of parasites of the gypsy moth and its 
associated horticultural pest, the brown-tail moth. 

This work has now been earned on for a penod of over 20 
years, with the result that some 60 species of foreign parasites 
of these insects have been introduced. Of these, about 16 
species have become established m this country and are now 
helpmg to control the msects. Seven or eight of these have 
become abundant and promise to be important Just how 
effective they will ultimately prove to be remams to be seen, 
but it IS not likely that they will become any more effective than 
they are m Europe, where occasional outbreaks of the gypsy 
moth occur m spite of the presence of its parasites. But even 
though the parasites do not come up to the expectations of some 
enthusiasts, they wiU certainly bring about an increased environ- 
mental resistance that will be helpful m reduemg the frequency 
and severity of gypsy-moth outbreaks. 

In the work of introducing parasites, an attempt has been 
made to brmg m every primary parasite that has any promise 
of bemg effective (Burgess, 1926), on the theory that the more of 
these enemies present the greater the probability that one or 
more of them will be ready at any time to check an increase of 
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he moth. The chief basis for this theory is the fact that no one 
pecies of parasite controls the moth in any part of its native 
ange. Furthermore, m different localities different parasites 
re important. 

This theory is quite logical in so far as it applies to parasites 
hat are supplementary in their action, but, when the multiph- 
ation of species leads to the introduction of competmg species, 
t is probable that the combmed effect of several parasites may 
)e less than the effect of a smgle major parasite, a condition that 
7e have seen illustrated in Hawau. In view of this, the mtro- 
luction of aU possible primary parasites is certainly dangerous, 
)ecause it is almost certam that in this process the introduction 
if competmg species cannot be avoided; and once the undesir- 
ible ones are established they cannot be elimmated, thus mis- 
akes in mtroduction can never be corrected 

In view of the dangers attendant upon the mtroduction of 
parasites, the greatest caution should be used in this work 
l)are should be exercised to avoid the mtroduction of parasitic 
pecies that may be h 3 rperparasites, that is, those that parasitize 
ther parasites This calls for a detailed knowledge of the 
labits of these insects The mtroduction of species that wiU 
ompete directly with species already present must be avoided, 
nless it is certam that the new species will be more effective 
han any of those already established Care should be used to 
elect for mtroduction those parasites that promise to be the 
lost effective and the best smted to the environment in which 
hey are to be placed The selection can only be made with 
afety after careful ecological studies have been made of the 
larasites, the hosts, and the environment. 

The mtroduction of parasites has been used primarily m 
onnection with the control of mtroduced pests, but it is possible 
hat species may be found that will be an aid m checkmg the rate 
f multiphcation of some of the native pests as weU The way 
1 which the tachimd parasite Compsilura concinnata, mtroduced 
6 a parasite of the gypsy moth, is now attackmg more than 90 
ative species is an mdication of some of the possibilities that 
hould not be overlooked (Howard, 1922). 

When mtroduced parasites once become thoroughly accli- 
lated and established, they take their place m the new 
nvironment where, like any native species, they serve as a 
atural check for pests The effectiveness of both native and 
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introduced species can be increased, to a certain extent, by certain 
methods of silvicultural practice These will be discussed latei 
m this chapter. 

Control by Predators. — The part that predators play in 
environmental resistance has been previously discussed 
Although no one doubts the value of this group m mamtainmg 
a check on insect numbers, the use of predators m supervised 
control work has received entirely too httle attention In 
fact, in actual forest practice m Amenca, comparatively little 
consideration is given at present to these important control 
agencies. This condition must be changed if we are to take 
advantage of all the possible means of preventing the ravages oi 
forest insects. 

Predators have been used indirectly in several instances with 
successful results. Examples of this are the mtroduction into 
New England of the fiery hunter, Calosoma sycophanta, which 
aided m the control of the gypsy moth, Porthetna dispar, and the 
introduction and establishment of certam CoccinellidfB, the 
vadaha beetle, for instance, m the California citrus region, with 
great success in the control of scale insects Because these 
predators are better suited for the work of control than any oi 
our native species, they are a valuable addition to our fauna 
The fiery hunter, for instance, although it is a carabid or ground 
beetle, is unlike any of our native species in habit. The larva 
of this insect, instead of staying on the ground like its relatives 
are able to chmb trees in search of their prey (Fig 53) Because 
of this ability, the fiery hunter is able to feed upon arboreal 
caterpillars, and is very useful not only in helping to hold dowr 
the numbers of the imported gypsy moth, but also helps to check 
the multiphcation of native caterpillars. 

The mtroduction of predators is attended with somewhat more 
evident risk than is the introduction of parasites, because of the 
greater flexibility of habit and the greater powers of mobility 
charactenstio of predators in general We have a number oi 
examples that should make us cautious m mtroducing predators 
without carefully studying the situation beforehand The 
English sparrow, for instance, was mtroduced to control oertair 
hairy caterpillars, and has become a pest m certain parts of the 
country. The mongoose in some of the West Indian Islands 
(Williams, 1918) has destroyed the snakes that it was introduced 
to destroy, but now it is making poultry raising in these islands 
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impossible. Nevertheless if predators are selected only after 
careful consideration, the dangers attendant upon their intro- 
duction may be mmiTmzed. 

Before man can make full use of predators as an instrument to 
check insect pests, much data must be collected regardmg the 
relations existmg between predators and the rest of the environ- 



Fiq 63 — A burlap band placed around a tree to attract the congregating 
gypsy moth larvae to a pomt where they can be kiUed Larvae of the fiery hunter 
are feedmg upon the gypsy moth caterpillars. {Bureau of Entomology^ U, jS. 
Dept Agr) 

ment. In the meantime, the least he can do is to see that, in 
so far as is possible, no silvicultural methods are put m practice 
which will tend to reduce the numbers of beneficial predators 
already present m any environment. Anythmg he can do along 
silvicultural lines to make conditions favorable for their natural 
increase will be just that much gained. The possibilities existmg 
along these Imes will appear m the foUowmg section. 
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SILVICTILTURAL PRACTICES 

It has already been seen that the control of insects by mechani- 
cal or chemical methods has limited possibihties of apphcation 
This is in part due to the expensive character of these operations 
and in part to the inaccessibility of many forest areas. With the 
apphcation of more intensive methods, the latter of these diffi- 
culties will be largely removed, but it is doubtful if even then 
chemical or physical methods of insect control can be apphed 
to extensive forest areas. It has also been seen that the biotic 
factors of the environment offer decidedly favorable possibilities 
as indirect means of combating msect pests of the forest, but 
that these have not been developed sufficiently to accomphsh 
the results for which they have been striving. Whenever 
possible the breaking of the biotic balance must be prevented, 
so that control measures for its restoration will not be required. 
This work of aiding in the preservation of a balanced condition 
can best be brought about by silvicultural practices. 

It has long been recognized by foresters that a forest growing 
under natural conditions is less subject to insect attack than is 
one where natural conditions have been disturbed. This means 
that a forest m which the various environmental factors have 
come mto a state of equihbnum is safer than a forest in any other 
condition. Here is the fundamental ke3mote for silvicultural 
practices which will make the use of ordinary control measures 
largely unnecessary. If trees are grown under such conditions 
that the biotic balance is maintamed throughout the rotation, 
there will be no need to resort to costly measures to restore a 
broken balance 

This IS not so simple as it may first appear to be The factors 
that react to produce the conditions of balance do not always 
have the same values at every stage in the development of a 
forest. As the trees grow and crowd out first the grass and weeds, 
then the underbrush, and later certam trees, the food factor vanes 
m both quahty and quantity. Also as the trees develop, the 
physical conditions withm the forest vary, and the animal life 
of the forest is modified accordmgly But throughout this 
developmental period, durmg which the environmental factors 
are contmually changing m value and m their relation to one 
another, because the variations are compensating the balance 
between biotic potential and environmental resistance will 
normally be maintamed. If tbs were not true, it is evident that 
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forest could never reach maturity because it would certainly 
leet with some calamity m the form of a pest before many years 
I the rotation had elapsed. The aim of the forester, therefore, 
lould be to develop methods of silvicultural practice that will 
laintam the biotic balance. If he is successful m this effort his 
)rest will not suffer from insect outbreaks 
To accomplish this end, it is necessary to have an accurate 
nowledge of the environmental factors involved At present, 
le knowledge of these factors is decidedly htmted, and it will be 
lany years before they can be handled with precision. In 
nte of this ignorance it is not necessary to despair for there is a 
Ian that has already proved itself to be successful m the virgin 
irests This plan is the one followed m the development of the 
irgm forest as it originally occurred in each forest region, type, 
id site Later the accumulation of data will probably make 
Dssible the development of modifications of nature's plan that 
ill better answer the requirements, but for the present it should 
3 attempted, as nearly as possible, to pattern the forests of the 
iture on those that have proved themselves successful m the 
ist. 

Regulation of Forest Composition, — Too often, even in regions 
here mixed natural forests are the rule, foresters have made the 
istake of concentratmg their efforts in the establishment of a 
Qgle species of tree over large areas. Such an effort is doomed, 
^entually, to failure, unless it is economically possible to sub- 
itute for the force of environmental resistance, lost by the 
lange of forest composition, an equal force in the form of 
mtrol measures The sad phght of the Saxon forests, once the 
ide of European forestry, illustrates well the ultimate fate of 
le artificial pure forests As a result of the nun-moth outbreaks 
scompamed by other unfavorable conditions these forests of 
ire spruce are at present m a desperate condition. 

Only those species of trees that normally grow m pure stands 
n be handled safely m pure stands. Many of the two- or 
ree-leaved pines, for example, western yellow pme and jack 
ne, are rarely found m anythmg but pure stands. In such 
ses, a condition of balance has been established between the 
Bes, the ground cover, and the pests. In these natural pure 
rests, therefore, it is just as necessary to preserve this balance 
^ protecting the entire floral composition, including trees, 
rbs, and shrubs, as it is to preserve the original composition 
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of the mixed forest Overgrazing either by wild or domest 
animals, ground fires, the introduction of exotic game amma 
in fact, any force that will result m a modification of the groui 
cover in natural pure stands, should be guarded against 
a general prmciple. Either overgrazmg or ground fires may 
reduce the variety of the flora, and thereby the total number 
phytophagous insects in a region, that insectivorous predate 
wiU not be able to find sufficient food at certam seasons of t 
year; their numbers will consequently be reduced, with the resi 
that some one insect upon which they normally feed at anoth 
season may be able to multiply in such great numbers as to 
serious damage to the forest. 

It should be recognized, m the long run, that in nature 
forces combme to prevent the favormg of one species at t 
expense of others. Whenever, by some combination of c 
cumstances, one species does come to dominate an environme] 
as is the case in the climax-type pure forest, nature usua 
sooner or later brmgs about a reduction of such a species. T 
IS often accomplished by an insect outbreak; thus, outbree 
may arise as a result of the action of natural forces without t 
interference of man. In the managed forest, it should ultimate 
be possible to prevent such outbreaks and, eventually, to prodi 
a forest that will be safer from msect outbreaks than even 1 
natural forest. 

The disastrous results rising from failure to regulate for 
composition may be found many times in the annals of for 
entomology. Perhaps one of the best examples of this is to 
found in the spruce-budworm outbreaks that devasted the spru 
balsam stands of eastern Umted States and Canada between li 
and 1920 A detailed discussion of this insect will be taken 
later, but a few of the sahent features may well be introduced 
this point. AH the available evidence appears to prove that t 
great series of outbreaks, which destroyed over 200,000,000 co 
of balsam fir and many milhon cords of spruce timber, arose £ 
result of the type of forest developed m the infested region b 
combination of unregulated, or improperly regulated, cutt 
operations and forest fires. These two agencies producec 
forest that contained a very high percentage of balsam fir, 
most smtable food tree of the spruce budworm (Fig. 54) 1 

change reduced the environmental resistance by improving f 
conditions and, probably, by decreasing the natural encmief 
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the budworm to a point where rapid multiplication of the pest 
was possible. Regulation of forest composition is the obvious 
way by which this insect may economically be kept from 
overabundance. 

Another illustration of the effect of forest composition upon the 
susceptibility of trees to insect attack is to be found m the jack-, 
pme situation m the Lake States This species of tree was 
origmally confined to the very poor, sandy lands where other 



Fig 64 — A forest of balsam fir that has been practically destroyed by the spruce 
budworm. (L. TV. Orr ) 


species of pine could not grow. Although the tree occurred 
normally m pure or nearly pure stands, this type was broken up 
mto comparatively small areas by other forest types. After the 
virgin stands of white and norway pme had been logged, the 
jack pme extended its domain and became the predominant tree 
over vast areas that had been originally occupied by other 
species of pme. In the origmal condition, jack pme was notably 
free from insect mjury and was regarded as a very resistant 
species. In recent years, however, it has suffered severely from 
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at least three defoliating insects and one serious scale insect The 
jack-pine forests of today are m a precarious condition With 
the right combination of weather conditions, serious insect 
outbreaks cannot be avoided. In as much as the weather 
cannot be regulated, an attempt should be made to brmg about 
conditions that will be reasonably free from the danger of insect 
outbreaks regardless of the fluctuations of weather. For this 
reason, it is imperative that the jack-pme areas be reduced to 
approximately their ongmal status by silvicultural means 

There are a number of other mterestmg examples of outbreaks 
m regions where forest composition has been changed by loggmg 
or fires. Among these are the forest tent-caterpillar, in the oak 
and aspen regions of the Lake States, and the walkmg sticks, 
in the oak forests of Michigan. In each case, the same set of 
conditions preceded the outbreak: an increase of the food for the 
pest combined with a decrease m the number of the natural 
enemies of the pest. In these pure second-growth forests the 
food conditions for birds, and other predaceous animals, are 
decidedly more limited than they were m the original, mixed 
forest At the present time, food in these forests is abundant at 
times, whereas at other times, it is very scarce Because the 
abundance of an animal is hmited by the amount of food available 
durmg the penod of greatest scarcity, the predators, like the 
other forms of hfe in these pure forests, are comparatively scarce. 
This scarcity is most easily seen among the birds, but it also 
applies to predaceous insects. Such a reduction in the number 
of predatory forms must necessarily reduce the effect of environ- 
mental resistance upon phytophagous insects. Under such 
conditions, it should, naturally, be expected that an over- 
abundance of insects is much more hkely to occur now than 
formerly. 

Regulation of Density. — In addition to the regulation of 
forest composition, there are a number of other silvicultural 
means by which environmental conditions may be regulated 
with the result that the harmful activities of forest insects will 
be reduced. One of these is the regulation of forest density. 
The importance of density has been shown m the case of a 
number of forest pests. Two notable examples are the locust 
borer, Cylene robimcB, (Craighead, 1919) and the white pme- 
weevil, P^ssodes strobi, (Graham, 1926) These insects will 
be discussed fully later on 
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Forest density influences the physical conditions found in the 
forest by modifying such factors as light, evaporation, air move- 
ment, and temperature. This, of course, has an indirect effect 
on the insect life in the forest. Although the effect of these 
physical factors is evident from general observation, specific 
data concerning their effect on insect hfe in the forest are very 
scarce. Meager as the knowledge along this line may be, it is 
known that many of the sun-loving beetles are attracted only 
to those trees or parts of trees that are exposed to the direct 
rays of the sun; for instance, the work of the two-hned borer, 
Agnlus bihneatusy is almost entirely confined to shade trees or 
to trees growing m open stands or to the few exposed branches 
m a fully stocked stand (Chapman, 1915). The same thing is 
more or less true of the bronze birch-borer, Agrilibs anxiuSj and 
many other species. 

Degree of density is also important in determimng the ability 
of forest trees to outgrow injuries to their terminal shoots. In a 
fully stocked stand, there is a stimulation to straight growth, 
whereas, in a scattered stand this stimulation is much less 
powerful. Furthermore, proper spacmg tends to mamtain 
the trees m a healthy condition, and consequently, as a general 
rule, makes such trees either leas susceptible to insect attack 
or better able to outgrow injury 

Selection of Site. — Another important consideration, from 
the standpoint of silvicultural protection from forest insects, 
is the selection of site. Under favorable conditions of site, a 
tree is able to withstand a much greater amount of mjury than 
it could if growing under less favorable conditions. Craighead 
(1926) has shown that balsam fir is much more resistant to 
injury by the spruce budworm when it is growing on a favorable 
site than when it is growmg under poor conditions. He goes 
so far as to recommend growmg this species m pure stands on 
sites where the tree grows rapidly m spite of the budworm 
menace. It has been questioned whether or not such a recom- 
mendation IS justified. But the fact remains that vigorous trees 
survived the budworm outbreak when growmg m either mixed 
or pure stands, whereas less vigorous trees m the same region 
were almost all killed. 

The same is true of other insects. From observations in 
Minnesota, it appears that thnfty, fully stocked forests are, as 
a rule, immune to the bronze birch-borer, Agnlus anxius. This 



132 


PRINCIPLES OF FOREST ENTOMOLOGY 


insect only becomes injurious m a fully stocked forest after the 
rate of growth has been reduced because of overmatunty, 
competition, or poor site conditions. Much of the second- 
growth white birch m the Northeastern forests is growmg on 
poor soils, and for this reason Agnlus is likely to prevent most 
of these stands from attammg full development 

In the West, site is of considerable importance m detemunmg 
the susceptibihty of trees to the attack of bark beetles. For 
instance, the western pme-beetle, Dendroctonus bremcomiSy is 
much more injurious upon yellow pme growmg on comparatively 
poor sites than it is upon the same species when growmg under 
more favorable conditions 

Regulation of Drainage- — Sometimes a site is poor because of 
an excess of surface water. This may result m an acid soil 
and other conditions which inhibit growth. In some cases these 
conditions may be improved by the construction of a superficial 
drainage system to carry off the excess water Such operations, 
if they result in a stimulation of growth and the general improve- 
ment of the vigor of the trees, wiU reduce their susceptibihty 
to insect mjury. 

Another effect that drainage may have m the case of swamp 
forests is to change conditions of ground cover. There is some 
evidence that such a change may have an effect upon the over- 
wintering stage of pests that hibernate in the layer of the duff 
or in the surface vegetation (Graham, 1928). For instance, if 
certain tamarack swamps were dramed, the surface vegetation 
of moss and grass would give way to other plants and become 
more varied. This change m the vegetation by improvmg food 
conditions would, m turn, brmg about an mcrease m the number 
of mice per unit-area. Mice destroy large quantities of larch- 
sawfly cocoons and their mcrease, as an indirect result of 
drainage, will aid m reducmg sawfly abundance. Further- 
more, it has been showm that hibernation of the sawfly is most 
successful m the sphagnum hummocks that are so common in 
tamarack swamps. It is probable, therefore, that a change 
from the sphagnum ground cover to one representative of dryer 
land, resultant on drainage, would produce conditions less favorable 
for hibernation than those now prevailing Stdl another effect 
of drainage is the stimulation of tree growth This effect is 
evident in many partly dramed swamps and makes the trees 
better able to survive partial defohation. 
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Selection of Resistant Varieties and Species. — In the foregoing 
sections, it has been stated that any practice resulting in the 
production of vigorous, rapidly growing trees helps to increase 
the resistance of the trees to both attack and injury. It is a 
matter of common knowledge among foresters that all individuals 
of a species do not respond equally well to favorable conditions. 
Some of them wiU grow more rapidly than others even under 
practically identical conditions. This abihty of some trees to 
grow better than others is apparently due to physiological quah- 
ties within the trees themselves which, if we are to judge from 
other plants, are probably genetic m character and can conse- 
quently be transmitted from generation to generation. If this 
IS true, then the selection of especially vigorous strains will not 
only result in a greater production of wood products, but may also 
increase the resistance of the trees to msect attack and mjury. 

Much has been accomplished m agriculture and horticulture 
in the selection, breedmg, and propagation of trees and other 
plants possessmg desirable characteristics, but in forestry httle 
has been done along this hne. The possibihties of developing 
strains that will be resistant to the attack of certain fungous 
diseases are beginnmg to be realized (Hartley, 1927), but the 
possibihty of selection for insect resistance has been almost 
entirely overlooked. 

That there are great possibilities along this hne cannot be 
doubted, but, at the same time, it must be admitted that there 
are many difficult problems to be solved m the technique of 
breeding forest trees. For the present, the best that can be done 
IS to select seed for propagation from trees that have those 
qualities that are desired. By the gradual ehmmation of unde- 
sirable individuals we can cause to a greater and greater degree, 
bhe fertihzation of the desirable trees by other equally desirable 
Individuals and thus contmuaUy improve the stram. 

Some of the possibilities of reducing insect damage by selec- 
tion of resistant trees have been mdicated in the discussion of 
physical factors of environmental resistance in Chap. IV. For 
instance, the mdmdual norway-spruce trees that are unsuscepti- 
ble to adelges attack may serve as a nucleus for the development 
if a resistant variety Likewise, the individual trees that show 
1 resistance to nun-moth attack may provide the parent stock 
'or a nun-moth resistant strain. The development of pmes 
laving an unusual ability to produce resm may also serve as a 
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means of reducing the susceptibility of our pine forests to the 
attack of dendroctonus beetles. In instances such as those just 
mentioned, the desirable characters are more or less defimte and 
can be seen or proved to exist by means of tests; consequently, 
the trees that exhibit these characteristics may be selected without 
hesitation. In other cases it is not so easy to determine just what 
characteristics are responsible for the resistance to insect attack 
or injury. 

Sometimes trees may be selected for their resistance to attack, 
but m other instances selection may be based on the abihty of 
certam trees to overcome mjury An example of this possibility 
has been shown m connection with studies of the pme tipmoth 
(Graham and Baumhofer, 1928). This msect shows httle or 
no discrimination m attacking trees In western yellow-pme 
plantations at Halsey, Neb , the trees are all attacked with 
about equal seventy. From this it might appear, at first glance, 
that selection of resistant trees for tipmoth control would offer 
httle promise of success. But m spite of the umformly heavy 
tipmoth injury certain trees are much larger than others of the 
same age Some may be 6 or 8 feet high while others of the 
same age, and only a short distance away, may only be a foot or 
two tall. The tall trees have demonstrated their ability to grow 
m spite of injury, whereas the others have failed under the test 
By selectmg for seed trees those individuals which have made the 
best growth under conditions of heavy attack and by destroying 
before they begm to bear pollen those that have shown them- 
selves to be unsuccessful under such conditions, a strain of yellow 
pme comparatively resistant to tipmoth injury may perhaps 
be developed Certainly, the development of resistant varieties 
of trees is a hne of endeavor that should no longer be neglected 

There is a possibihty that the selection of comparatively 
resistant species may, m some instances, be more simple and at 
the same tune as effective, as the development of new varieties 
This possibihty was also brought out in the tipmoth study 
mentioned above. Different species of pine exhibit suscepti- 
bihty to attack and mjury m varying degrees For instance, 
austnan pme is only shghtly injured, scotch pme and jack pme 
are freely attacked but are able to overcome the injury, whereas 
western yellow pme is highly susceptible to both attack and 
mjury. If it were not for the fact that both austnan and scotch 
pme are, for other reasons, less desirable trees for sand-hill 
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planting than the western yellow pine, their substitution for that 
species in the Nebraska plantations might be desirable. 

Another case m which selection of resistant tree species may 
be used as a means of protectmg forests from insect attack is in 
the protection of certam forests from mjury by the gypsy moth 
(Mosher, 1915). By avoiding the growing of particularly 
susceptible species, like oak, aspen, basswood, and a few other 
less important species, the danger of injury by this insect will 
be greatly reduced. 

From this brief discussion of the relation of silvicultural 
practices to the abundance of forest insects, it can be concluded 
that herein he great possibilities for economical and effective 
mamtenance of balanced conditions m our forests. The possi- 
bihties along this line are limited primarily by the knowledge of 
the factors that regulate all the forms of life in the forest 
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LEAF-EATING INSECTS 

The foliage of trees furnishes food for a host of insect species. 
Many of these are dangerous forest pests but, fortunately, the 
majority of the leaf-eating insects usually occur in compara- 
tively small numbers. When they are not numerous they will 
scarcely affect the welfare of the trees, because thrifty trees 
always have a greater amount of foliage than is actually required 
for their mamtenance When, on the other hand, some leaf- 
eating species multiplies so much more rapidly than it can be 
reduced by environmental resistance that it attains tremendous 
numbers, as they sometimes do, the resultant defoliation will 
seriously injure or even kill the trees attacked. 

DEFOLIATION 

Sometimes these outbreaks of defoliators apparently arise with 
amazing suddenness For instance, the recent outbreaks of the 
spruce budworm appeared to burst out over wide areas the same 
year. This was true also of the outbreaks of the larch sawfly. 
Careful observations will prove, however, that such outbreaks 
are probably not so sudden as they appear to be. In the case 
of defohators, the failure to observe the increasing mjury caused 
by increased numbers of insects may be explained m part by the 
mconspicuousness of hght defohation. A tree may be stnpped 
of from 26 to even 50 per cent of its foliage without appealing 
greatly abnormal, provided the defohation is evenly distnbuted 
over the entire crown of the tree. This is illustrated in Figs. 
55, 66, 67, 58. Figure 55 represents a normal larch tree m full 
fohage. Fig 56 shows the same tree after 26 per cent of the leaves 
had been mechamcally removed. Fig 57 shows the same tree 
with 50 per cent of the fohage gone and Fig 58 shows 75 per cent 
defoliation. Defohation is not noticeable until the greater 
proportion of the leaves has been destroyed When once one 
reahzes the large numbers of an mjunous species that may be 
present unnoticed in a forest, and then considers the tremendously 
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nodified by the action of some external force such as fire, wind, 
he operations of man, or where natural succession has brought 
iibout the establishment of the so-called chmax forest type over 
arge areas. 

Effects of DefoUation.— Defoliation mjures trees by stopping 
r oheckmg the elaboration of food materials by the photosyn- 





Fiq 67. Fig 68 

Fig. 67 — The same tree shown m Fig 66 with 60 per cent of tho fohago 
removed Even this amount of defoliation is not especially conspicuous 
Fig 68. — The same tree shown m Fig 66 with 76 per cent of tho fohago removed 


trees. Studies of the effect of spruce-budworm defoliation upon 
the growth of balsam fio* and spruce made by Craighead (1924) 
have proved that growth as a whole is reduced the first year of 
defoliation. Growth at the top of the tree is usually very much 
reduced, but at the base it is usually greater than m the years 
immediately precedmg defohation. Investigations made by the 
author in budworm-infested areas, other than those studied by 
Craighead, go further to prove that a widening of the annual 








LEAF-EATINO INSECTS 


139 


nng at the base of the tree, combined with a narrowing of the 
same rmg at the top, is the usual occurrence during the first 
year of defoliation. After the first year of defohation the nngs 
at the base, like the corresponding rmgs at the top, become succes- 
sively smaller and smaller, until they are often so narrow that the 
mdividual rmgs cannot be distinguished without the aid of a 
magnifier In some cases, under conditions of very severe 
defoliation, there may be no production of wood for a season or 
more in which case rmgs may be entirely absent. In other 
instances, wood may be laid down in certain parts of a tree and 
not in others This results in the production of mcomplete 
rings. Great care must therefore be exercised m assigmng a 
definite year to a specific rmg during periods of defohation. If 
a tree survives defohation recovery is always gradual. As the 
Fohage is gradually replaced, from year to year, the width of the 
"mgs mcreases m similar proportion, until a normal rate of growth 
aas been attamed. Similar rmg pictures occur in other species 
.han balsam fir and spruce as a result of defoliation, except that 
t IS sometimes difficult to demonstrate the widenmg of the basal 
ing of the first yearns defohation. 

All species of trees are not equally susceptible to injury from 
lefoliation. Hardwoods are relatively resistant and will often 
uocessfuLIy withstand three or more years of defoliation. This 
3 due to their relatively large supply of stored food which results 
Q a comparatively rapid replacement of fohage. Correspond- 
Qgly great resistance to mjury from defohation is also character- 
3tic of deciduous conifers, as exemplified by the larch. Evergreen 
onifers, like balsam fir or spruce, are more easily killed by 
Ins type of mjury; for mstance, white spruce, hemlock, and 
robably many others wdl die as a result of a single complete 
efohation (Pig 59). As a rule, more than three successive years 
f defohation is fatal even to broad-leaved trees. 

Resistance to defohation mjury vanes not only with the species 
ut also with different mdividuals of the same species. Domi- 
ant trees are decidedly more resistant than suppressed mdi- 
iduals of the same species; hkewise, trees growing with httle 
' no competition are more resistant than trees growing under 
ss-favorable conditions. The reason for this is to be found in 
le fact that dommant trees and trees growmg m the open with- 
it competition have larger reserves of stored food than those 
•owmg in competition with, and suppressed by, other trees. 
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This large reserve makes it possible for such trees to replace 
destroyed fohage If defohation continues after the exhaustion 
of stored food, a tree is sure to die 
The first parts of a tree to die as a result of loss of foliage are 
the extremities, the twigs, and small roots Craighead (1924) 
has shown with balsam fir that when the roots have been severely 
injured the tree is almost certain to die. The same condition 
appears to hold for at least some other comfers, for example, 
jack pine, and may apply to conifers m general. 



Fio 69 — A hemlock forest m Wisconsm killed os the result of a single defoliation 
by the hemlock looper, (A A, Granovsky ) 


Trees that have been reduced m vitality by defoliation are 
much more susceptible to the attack of bai-k beetles or borers. 
Frequently trees that might survive defoliation are killed by 
insects of this type, for instance, stands of western yellow pme 
that have been defohated by the pandora moth or the pme 
butterfly are frequently kiUed by bark beetles during the years 
foUowmg defohation 

Types of Insect Defoliators. — Generally speaking, defohating 
insects may be classifi.ed mto three groups, accordmg to their 
habits. Some species, called “leaf miners,” feed upon the suc- 
culent intenor leaf tissues while tunneling between the upper and 
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ower cuticula (Fig. 36). Others eat all of the leaf except the vas- 
sular portions, thus skeletomzdng the leaf, leaving only the veins 
Fig. 60). These are called “skeletonisers ” Insects of the 
hird group may be called the “leaf chewers” for they eat all the 
eaf tissues (Fig 61). Some defoliators are miners dirrmg a part 
>f their developmental period and skeletonizers at a later time 



Q. 60 — Typical work of the birch-leaf skeletonizer, Buccvlatnx canadena%8eLla, 
on paper biroh {Urmersity of Minnesota ) 

thers may be skeletomzers during their early stages and chewers 
inng the later stages. But there are many species that belong 
• one only, of these three classes during their entire develop- 
ental period Regardless of the manner of their work, all of 
le defohators have essentially the same effect upon the life 
’ocesses of the tree. The seventy of the injury is directly 
•oportional to the amount of chlorophyl-bearmg tissues 
jstroyed 
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The most important tree-defoliating species are found in one 
of three orders : the Hymenoptera, the Coleoptera, or the Lepidop- 
tera, although there are a few members of other orders that feed 
upon the leaves of trees (Diptera and Orthoptera) Of the 
Hymenoptera the family Tenthredmidse is typically a group of 


V. 



!Fig 81 — The spmy elm-oaterpiUar, Buvanessa antwpa feeding on elm IcnvoB 
These caterpillars are of the leaJ-ohewmg type, {UmvcrsUy of Minnesota ) 

leaf eaters and contains many dangerous forest pests. Of the 
Coleoptera, the family Chrysomehdse is the most important group 
of defoliators. Although, m some instances, members of the 
Scarabaeidse, for example, the may beetles which are close rela- 
tives of the genus Melolontha of Europe, are very injurious. 
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But of all the orders of insects the Lepidoptera is the one that 
contains by far the greatest number of leaf-eating species. 

Space will not permit of even a brief discussion of all the tree 
defohators known to science, m fact merely to mention the most 
important species would fill a volume ; therefore, only a few typical 
3xamples of the different groups will be discussed here. At the 
3nd of this section there will be appended a list of some of the 
nore important species that have not been taken up in this 
hscussion. 


LEPEDOPTEROUS LEAF EATERS 

The members of the Lepidoptera are, on the whole, distinctly 
ihytophagous and by far the majority of species are leaf eaters, 
discussion of a few members of this order will follow. 

The Spruce Budwonn. — One of the outstanding defoliators 
f fir and spruce in our northern forests is the spruce budworm, 
irchips fumiferana (Fig. 62) This is a native insect that is 
jstnbuted throughout the range of its host trees. For years it 
lay remain innocuous, a rare and mconspicuous resident of the 
3rest, but when conditions are nght it multiplies prohficaUy 
nd IS quickly transformed into a powerful forest devastator 
tatistics given m Chap I give some idea of the tremendous 
amage that this insect is capable of inflicting. The causes 
admg up to these outbreaks are not fully understood, but 
irest composition and the availabihty of an abimdance of smt- 
ble food, appear to be some of the important factors that make 
lese outbreaks possible. 

The life history of the spruce budworm exhibits a number of 
3ry interestmg features. The eggs are deposited durmg late 
immer m elongate clusters on the needles of the host trees 
hese clusters are green m color and contam from ten to thirty 
;gs. The eggs are flattened and overlap one another hke 
imgles on a roof. The young larvsc that soon hatch from these 
;gs seek out, without feedmg, smtable places of concealment on 
lC tree, spm a light covenng of silk about themselves, and go m- 
hibemation The silken hibematmg cases are called “hibema- 
ila ” In the sprmg, about the time that the buds of the balsam 
are expanding, these larvse emerge from hibernation and begin 
3ding upon the fresh foliage of the host As they work they 
3b the needles together to form a crude shelter. The larvse de- 
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velop rapidly and, under favorable conditions, m the cours 
three weeks are full grown 

During the first instars the larva are a pale yeUowish g 
with black heads and thoracic shields Later, they become n 
darker until the general color is brown with black m^ki 
They then transform to the pupal stage on the tre^ IS^ 
cocoon 18 spun, but the pupal stage is passed within the web f 





f 


Fig 



1 1 

62— The Bpruoe budworm, Archpa fumtferana, adult mcths. puju 
and larvai 


aboutthe tip by the larva while feeding. The adult moths c 
m July and early August, and soon thereafter they ma. 
deposit their eggs The moths have a wing spread of net 
mch and vary m color from grey to copper Two forms 
insect are found, one on fir and spruce, the other on pine 
hvmg on spruce or fir tend to be grey, whereas those rea 

pme tend toward the copper shades 

The development of the fir-spruce form of this pest 
chronized perfectly with the activities of the balsam fir 
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larvsB emerge from hibernation just in time to find on the balsam 
fir the fresh fohage that is required for their early development. 
The black-spruce buds open too late to supply much food for the 
larvae at this critical period. Even though the larvae burrow mto 
the closed buds of black spruce m search of food, they are unable 
to find a suflicient supply for the needs of their first develop- 
mental stage. The white spruce, another host tree, produces 
abundant fresh foliage at the proper tune, but the needles usually 



Fig 63 — A Minnesota forest of balsam fir and spruce lolled by the spruce bud- 
worm (L, W. Orr ) 

npen up and become hard too quickly to permit full development 
of the budworms feedmg upon them Balsam-fir foliage, on the 
other hand, not only appears at the proper time but remains 
green and succulent durmg the entire penod of larval develop- 
ment In eastern Canada the red spruce appears to stand 
between the balsam fir and black spruce phenologically and also, 
as we would expect, in degree of susceptibihty to budwonn 
attack 

If these species of conifers were growing separately, it is prob- 
able that the budwonn would be able to become epidemic only 
upon the balsam fir (Fig. 63) When, however, the balsam fir 
grows in combmation with white, black, or red spruce the larvae 
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may, by migrating from one tree to another as food conditions 
require, find ideal conditions for development, in which case both 
the balsam fir and the spruce will suffer severely. Occasionally in 
the Lake States black and white spruce grow m mixture on the 
upland. In this type of forest budworm mjury may be severe 
without the presence of much balsam fir, because under these 
conditions the larvse will find suitable food on the white spruce 
in the early payt of the season and later, after the white-spruce 
fohage has become hardened, they may migrate to the black 
spruce where they will then find favorable conditions 

Thus in the Northeast, balsam fir is the favorite host of the 
spruce budworm and without this desirable food plant it seems 
probable that extensive outbreaks, such as we have had m the 
past, would be impossible except in the comparatively unusual 
white-black-spruce type of forest. This gives us a clue to a 
practical and effective control measure and also explains, at 
least in part, the cause of the terrible outbreak of this pest that 
has passed over our Northeastern forests during the past decade 
and a half. Forest fires and logging operations in the latter 
part of the nineteenth century resulted m a decided change of 
forest type from pine and spruce to balsam fir so that on vast 
areas, almost inconceivable in extent, balsam fir became the 
predominant tree. It was m these areas of almost pure fir that 
the great outbreaks had their ongm. The velocity of multipli- 
cation developed by the budworm m these favorable areas, 
because of the abundance of food and other favorable influences, 
doubtless made it possible for the insect to attack and kill other 
near-by forests where conditions were not so favorable for bud- 
worm development. It is probable that the forests contaimng a 
comparatively small proportion of balsam fir would have been 
safe from attack had it not been for the adjacent areas of pure or 
nearly pure balsam fir. One of the immediate problems for 
forest entomologists is to determme what proportion of balsam 
fir may be safely allowed in forests of the future 
By controUmg the composition of woodlands, future disastrous 
outbreaks of this pest m spruce-balsam forests can doubtless 
be prevented, to a very considerable extent (Fig 64). The aim 
in this regulation should be to reduce the amount of balsam fir 
as much as possible, and, at the same time, to guard agamst a 
combination of white and black or white and red spruce. In as 
much as the larvae pass from tree to tree, by being born on the 
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wind as they drop by a thread of silk, they cannot, except perhaps 
in the first and second instars, travel very far. It is not neces- 
sary, therefore, to separate the white spruce from the other 
spruces by more than a short distance m order to bring about 
satisfactory control. Thus, under conditions where they are 
mterspersed with other trees m a mixed forest, white and black 
spruce may be grown m the same forest area with comparative 
safety. 



Fiq 64 — A forest of douglas fir, m Yellowstone Park, defoliated by the spruce 
budworm In the West this tree species is apparently comparable with the 
balsam fir of the East as a favored host of the budworm {Bureau of Entomology t 
U S Dept Agr ) 

The spruce budworm has, m the past, been regarded as a pest 
of fir and spruce alone In recent years, however, this species 
has been observed attacking pines m epidemic numbers, both 
in the Lake States and in the northern Rocky Mountain region. 
From prehmmary experiments m the Lake States, it appears 
probable that the budworm on pine, although identical 
specifically with the spruce-fir form, is a distmct biologic race 
or variety For although it is possible for the larvse to continue 
development and reach maturity successfully after being trans- 
ferred from spruce or balsam to pine, and vice versa, there 
appears to be little migration of this sort in nature. The balsam 
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fir and spruce in the region where the jack pine is infested by this 
pest remained untouched even though they were close to infested 
jack pme Likewise, the pest did not migrate from the balsam- 
spruce forests that were killed by it mto the adjacent stands of 
jack pme. This evidence lends substantial support to the con- 
clusion that the budworm on pme is biologically distinct from 
the balsam-fir form. 

If it is true that the insects do not change readily from pme to 
other hosts, or vice versa, then each of the two forms may safely 
be treated from the economic aspect as if it were an individual 
species, with the result that the problem of control will be much 
inore simple to handle than if the budworm could easily change 
;'rom one host to another Insufficient data are at hand to make 
possible control recommendations for this msect on pme except 

Say that, in the Lake States, the jack pme, Pimus bankstana, 
appears to be the most susceptible of the pmes, and it may be 
that the great abundance of this tree species is an important 
factor m stimulating the multiphcation rate of the pme form of 
the budworm. It is probable that a reduction of the abundance 
of this species of pine might help to reduce the danger of the 
budworm on pme. 

On ornamental trees it is profitable to use the direct methods 
of control These methods are expensive, but certam, and where 
valuable individual trees are to be protected, they may be apphed 
with profit Spraying or dusting of infested trees with lead 
arsenate or calcium arsenate at the time the buds are expanding 
is an effective means of destroying the larves of this msect. In 
dustmg, the powdered form of these insecticides may be used 
either pure or may be diluted with fine, airslaked lime When 
a hquid spray is used, the poison should be mixed with water at 
the rate of 3 to 6 pounds of the powder to 60 gallons of water 

Questions on Literature 

1. When and where was the first reported outbreak of the spruce bud- 
worm? 

2 List the recorded food plants of this pest m the East and in the West. 

3 What secondary maeot pests are usually associated with the spruce 
budworm? 

4 How long after trees are attacked by the budworm can they be profit- 
ably salvaged? Is this time the same for all species? 

6 What species of trees seed up the areas killed by the budworm? 

6 When and where have the most important pubhcations concerning the 
budworm appeared? 
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The Gypsy Moth. — The gypsy moth, Porthetna dispar j is 
one of the many destructive insect pests that has come to 



Fiq. 66. — Stages of the gypsy moth The large hght-oolored moth is the female. 
{Bureau of ErUovwlogy, U, 5, Dept. Agr ) 

America from foreign lands (Fig 65) This pest was accidentally 
introduced at Medford, Maas , m 1869, and since that time it has 
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spread into all the New England states It is particularly injuri- 
ous to broad-leaved trees, although pines m mixture with hard- 
woods are by no means immune 

The eggs are laid durmg July m clusters of 400 or more. Since 
the heavy-bodied female moth is unable to fly, the eggs are 
usually deposited near and often on the cocoon. The eggs pass 



Fig 66 — An oak forest in Maasachusetta killed by gypsy-moth defohation. 
Oak IS one of the species most susceptible to gypsy-moth attack {Bureau of 
Eniomologyt U, S Dejit, Agr.) 


through the wmter, not hatching until the following spring 
The larvse feed m the first stage upon the foliage of susceptible 
trees such as oak, basswood, and aspens, and later they may also 
feed upon chestnut, hemlock, pme, and spruce If the infesta- 
tion is severe, the trees may be completely defoliated by the end 
of June (Fig 66). When full grown, the larvae pupate, either 
on the tree or m other convement places, and after a pupal penod 
of about 10 days, the adults emerge The male moth is brown 
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in color, whereas the female is white with black markings 
Unlike the female, the male is a good flier 

At first thought, it would appear that a species whose adult 
females were unable to fly would have httle chance of spreading 
from one locality to another, and would, consequently, be con- 
fined to a restricted area and there very easily be controlled 
This has not, unfortunately, proved to be the case with this pest. 
One of the important means of distribution for the gypsy moth 
IS wind. The first-stage larvse are clothed with long hairs which 
greatly mcrease the surface area of the body in proportion to its 
weight. The larvae at this stage are no hght that they can be 
carried long distances by air currents How far they can be 
blown in this way can only be a matter of conjecture, but it is 
known that they have been earned over water for a distance of 
more than twenty miles That this is one of the important 
means of gypsy-moth dispersal is mdicated by the fact that the 
most rapid spread of the pest has been m the direction of the 
prevailmg wmds. Other means of dispersal are of a more or less 
accidental character; for example, egg masses or larvae may be 
earned on persons or vehicles leaving the infested area 

The effect of climatic factors upon the gypsy moth is of great 
importance both directly and mdirectly. A temperature of 
— 20° F IS sufficient to kill the overwintering eggs, and, as a 
result, in severe winters only those eggs that are beneath the 
snow Ime, or m other protected locations, survive. This, of 
course, has an important effect upon the abundance of the species 
durmg the foUowmg season Cool, moist conditions followed by 
warm weather dunng early June are favorable to the development 
of the wilt disease which is an important natural check of this 
moth. 

Parasites and predators of the gypsy moth have been intro- 
duced into the inJested area and are, each year, becoming more 
and more effective, but are still far from giving adequate control. 
In fact, neither parasites nor predators can be expected to give 
perfect control. Under present conditions, the best that can be 
hoped for is to brmg about a condition similar to that which 
obtams in the native home of the pest where the parasites help to 
prevent outbreaks but do not, by any means, prevent them 
altogether. 

Because of the differences in susceptibihty of various tree 
species, the regulation of forest composition by the application of 
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Silvicultural principles promises to be the most effective method 
of protectmg forests from the gypsy moth By elimmating the 
most susceptible species, a forest may be made comparatively 
safe. Much further work along this Ime is necessary before 
completely satisfactory methods can be developed. 

Ornamental and shade trees may be protected effectively by 
the apphcation of direct control Spraying with lead arsenate 
at the rate of 3 to 6 pounds of the powder to 50 gallons of 
water is very effective In connection with this work, powerful 
spraying machmes and special nozzles designed to throw a spray 
to the tops of tall trees h^ve been perfected. The use of sticky 
bands has been found very useful in preventing larvse from creep- 
ing up the trunks of uninfested trees Burlap bands under which 
the larva may congregate during the day are also useful in con- 
trolling this pest The caterpillars that collect beneath these 
bands can easily be killed, mechamcally, by crushing them 

Questions on Literature 

1 What species of valuable timber trees are highly susceptible to gypsy- 
moth mjury? Which are shghtly susceptible? "Which are immune? 

2 What IS the general course of procedure followed m introducmg para- 
sites from Europe? 

3 How many mtroduced parasites have become estabhshed in Now 
England? 

4, What effective European predator has been introduced, and why is it 
more effective than our native species of the same insect? 

6. In the hght of European conditions, how effective can wo expect the 
natural enemies of this moth to become in America? 

6 What types of spraying machinery and nozzles have been developed in 
connection with the gypsy-moth work in New England? 

7 What 18 the physical nature and chemical composition of the tree- 
ban dmg matenal developed in connection with the gypsy-moth work? 

The Cankerworms. — Two species of measurmg worms, known 
as the fall cankerworm, Alsophtla pomentana^ and the spring 
cankerworm, Paleacnta vemata, become periodically epidemic 
throughout the greater part of the Eastern hardwood-forest 
region as far south as the Carolmas and Tennessee They also 
occur m Califorma These species are very similar m appearance 
and frequently the larvse are found working together on the same 
trees. The favorite host trees of these worms are the elms and 
the basswood, although they also attack a wide variety of other 
hardwood species (Fig. 67) 




Fig 67 — The fall oankerworm, AUophiUi pomentana A liHill gro^m larva. 
? Cluster of eggs C Pupse D Adult msile. E Adult female in act of 
vipoBition F. PupsB m cocoons G. Adult females. Note the absence of 
nngs. {Bureau of Entomology, U, 8, Agric,) 
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Although these two species look very much alike superficially, 
on closer examination they are really very different m every 
stage (Fig 68) For convemence the most obvious distmguish- 
ing characteristics are summarized in the following table : 


Stage 


Spring cankerworm 


Fall cankerworm 


Egg 


Larva 


Pupa 

Adult 


Dull grey, oval, in ehel- 
tered locations in irreg- 
ular groups on trunks and 
branches 

Yellowish brown to black 
m color, only 2 pairs of 
prolegs 

No cocoon spun 

Abdominal segments with 
double transverse rows 
of reddish spmes 


Grey, flowerpot-shaped, 
deposited in regular clus- 
ters on trunks and 
branches 

Stnped with white and 
yellow on black, three 
pairs of prolegs 
Tough, silken cocoon 
Abdomen without spmes 


The eggs of the fall cankerworm are laid late m the autumn, 
usually after freezmg weather has occurred, whereas the spring 
species oviposits very early in the spring. The female moths of 
both species are wmgless and crawl up the trees from the ground, 
where they have pupated, to oviposit in the tree tops The 
larvflB of both hatch m the spring and feed upon the expanding 
fohage Four to five weeks are required to complete the larval- 
feedmg period. When full grown, the larvae drop to the ground 
and transform to the pupal stage. The fall species spins a tough 
silken cocoon about itself before pupatmg, but the spring species 
passes through the pupal period without this protective covering. 

These insects have been little studied as forest pests; therefore 
no control measures have been developed that are apphcable 
under forest conditions On shade and orchard trees, either 
banding with sticky bands, to prevent the wingless females 
from climbmg into the tree tops for oviposition, or spraying with 
arsemcals are effective. Under natural conditions, these 
species are held in check by parasites and predators of which 
birds are probably the most important single factor Certain 
weather conditions, such as cold, wet weather shortly after the 
larvsB have hatched from the eggs, or damp weather followed by 
high temperature, are unfavorable 
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Questioas on Literature 

1 What vanationfl m length of the incubation period of cankerwonns 
may be expected? 

2 What are the favonte food plants of these insects? 

3 How are these insects disseminated? 

4 What precautions should be taken to insure the effectiveness of banding 
against these insects? When is this particularly necessary? 

6 What natural factors help to hold these insects in check? 


COLEOPTEROUS LEAF EATERS 

The leaf-eating insects that belong to the order Coleoptera are 
almost all members of a single family, the ChrysomelidaB, 



Fig 69 The elm leaf-beetle, Oal&ruceLla luteola 1 A cluster of eggs 2 and 
3 La^ffi 4. A pupa 6 and 6 Two adults illustrating the light and dark 
color forms 7 Larvae feedmg on a leaf 8 A leaf skeletomzod by larval feed- 
ing. 9. A leaf showing holes made by the adult beetles m feedmg (Fell, 
'Manual of Tree and Shnih Insects ") 

although the members of the genus Phyllophaga (Lachnosterna) 
of the family Scarabaeidse are defohators m the adult stage. 
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Dnly a few of them are important forest or shade tree pests and 
^ery httle space can be allowed them here. 

The Elm Leaf -beetle. — The elm leaf-beetle, Galeri&cella Ivteola, 
a another of our mtroduced pests. It first appeared in Balti- 
nore, Md , about 1834, and smce that time has established itself 
throughout the Middle Atlantic and New England States, and 
westward mto Ohio, Indiana, Michigan, and Kentucky. It is 
irimarily a pest of shade trees and has not as yet become an 
mportant factor in the forest (Fig 69) 

The winter is passed m the adult stage. After emerging from 
ubemation the beetles feed for a time on the expanding leaves of 
ilm trees, and there they later deposit their yellow eggs m clusters 
)f from 5 to 25. The larval feeding period lasts from 2 to 3 
veeks. When they are full grown the larvee transform to the 
)upal stage on the ground, or m secluded places on or near the 
rees, where they have been working The adults emerge m 
rom 6 to 10 days, thus completing the life cycle There may be 
wo, and possibly more, generations per year dependmg upon the 
sngth of the season 

Spraying or dusting shade trees with an arsenical is the most 
ffective method of controlling this beetle 

Questions on Literature 

1 From what part of the world did the elm leaf-beetle come? 

2 Is this beetle an important pest in its native land? 

3 What IS the reason that this beetle has not yet become an important 
irest pest? 

4 How are the pupae of the elm leaf-beetle protected? 

6 Wliere do the adult beetles hibernate? 

6 How can the leaf injury caused by the larvae be distmguished from 
lat of the adults? 

The Poplar Leaf -beetle. — The poplar leaf-beetle, Lina smpta, 

I a serious pest m basket-wiUow plantations and occasionally 
I mjurious m aspen forests (Fig 70). With the rapid increase 
1 the area of our poplar forests, and the favorable food condi- 
ons resulting therefrom, there is an ever increasmg danger of 
n epidemic of either this insect or the closely related species 
ina interrupta. 

The adult poplar leaf-beetle vanes m size but is usually from 
16 to 3^ mch in length. The background color is yellow and the 
larkings are elongate black spots and Imes The insect passes 
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the winter in the adult stage. In the spring, the beetles emerge 
from hibernation and, after a brief period of feeding, deposit 
their eggs in clusters on the under side of the leaves The 
larvae, after hatching, feed upon the foliage gregariously. They 
are dark-colored, flattened grubs with well developed legs and 
tapering abdomens. First they skeletomze the leaves, and later 
they eat irregular holes between the prmcipal veins When 
they are full grown, the larvae drop to the ground and there 
pupate. The length of the developmental 
period vaiTies with the temperature to which 
the insects are exposed It is said that 
only 15 days are required under favorable 
conditions. The number of generations 
vanes in different localities, accordmg to 
the chmatic conditions, but usually there 
are two m the Northern States This beetle 
IS generally distributed throughout North 
Fig 70 —An adult America wherever its host plants are found. 



poplar leaf-beetle ( 
versiity of Afinnesoia ) 


In plantations of basket willow and on 
ornamental trees, the poplar leaf-beetle 


may be effectively controlled by stomach poisons apphed in the 
form of either a spray or a dust 


Questions on Literature 

1 What factors of the environment are important m reduomg the num- 
bers of the poplar leaf-beetle? 

2 Where do the adult beetles pass the wmter? 

3 What species of trees are susceptible to the attacks of the poplar leaf- 
beetle? 

4 How does Lina scnpta differ m appearance from Lina mterruptat 
6. What is the geographical distnbution of the poplar leaf-beetle? 

6. Is this beetle a native species? 


HYMENOPTEROUS LEAF EATERS 

By far the greater proportion of all the leaf-eating Hjnnen- 
optera belong to the family Tenthndmidse. The adults of this 
family are called sawflies because of the saw-hke ovipositor of 
the female. The larvae are, for the most part, very similar to 
the caterpillars of the Lepidoptera m general appearance and 
are sometimes called false caterpillars Most of the common 
species may be distmguished from the true caterpillars by the 
presence of at least six pairs of prolegs on the abdomen Several 
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important defoliators of coniferous and broad-leaved trees are 
members of this group. One of the most outstanding of these 
IS the larch sawfly 

The Larch Sawfly. — One of the most senous defoliators of 
larch, both in Europe and America, is the larch sawfly, Lygaeone-- 
matins enchsomi. In America, this pest was first reported m 
New England, m the early eighties, where it was responsible for 
much damage to the native larch Smce this early outbreak the 
species has played a prominent part in defoliating larch. 

Packard and Felt assume that it is one of our unmvited guests, 
and that it was mtroduced into America prior to 1880. Hopkms, 
on the other hand, maintains that it is a native of America. The 
fact that it remained unknown in this country until 1880, and 
also that the outbreak appeared to spread gradually westward 
from the Atlantic seaboard, are evidence in support of the former 
view A study of the annual nngs of old hvmg tamaracks, 
however, show that this tree has suffered repeatedly from defoha- 
tion injury. It is not unreasonable to assume that this mjury 
was very likely due to the sawfly. In Minnesota, the first 
liistonoal record of larchnsawfly mjury is in the year 1909. The 
rmg pictures of old trees, however, show that reduction from 
iefohation has occurred penodicaUy throughout the life of the 
ildest trees. In addition to the recent period of reduced growth 
.hat started about 1909, there were at least two other periods of 
leavy defoliation, one just previous to 1880 and another about 
1840 Other mmor defohations occurred about 1855 or 1860, 
ibout 1870, and m the late ^nmeties. Whether or not the larch 
jawfly is a native or an mtroduced pest can only be shown by 
urther and more extensive studies. 

The life cycle of the larch sawfly is quite similar to that of 
nany other sawflies. The eggs are deposited in the young shoots 
lurmg the period of rapid sprmg growth. When first deposited 
hey are translucent and very small. They soon swell, however, 
IS a result of adsorption of water until they protrude from the 
lilt m which they are placed. They are deposited alternately 
n a double row of shts cut along one side of a rapidly expandmg 
resh shoot The oviposition mjury usually results m killmg 
)ne side of the shoot, while the other side continues to grow 
This type of injury results in a marked twistmg of the injured 
ips The abundance of these twisted twigs can be used as an 
ndex of sawfly abundance in a stand 
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The eggs hatch in about a week and the larvje begin devouring 
the foliage. They are pale green in color, with black heads 
They usually work gregariously and, as a rule, they completely 
defohate one branch before movmg to another. Full growth is 
reached by midsummer when the larvae drop to the ground and 
spm their tough, brown, oval cocoons in the moss or htter beneath 
the trees. The larvae remain in the prepupal stage within these 
cocoons until the following spring when the majority of them 

stage and emerge as adults The 
remainder hold over m the prepupal 
stage until the second sprmg, after 
cocoonmg, when they, too, transfoim 
to the adult stage The adult sawfly 
is a handsome black insect somewhat 
over % mch m length, with a bright 
orange band about the base of the 
abdomen (Fig 71). 

On shade and ornamental trees a 
spray or dust of lead arsenate or cal- 
cium arsenate is an economical and 
effective control measure. In the 
forest no effective means of holding 
this pest m check has, up to the 
present, been found It has been 
shown, however, that thrifty, rapidly 
growmg trees are much better able to recover from the effects 
of defohation than less-thrifty trees This suggests that light 
surface dramage, to remove the surplus water from the tamarack 
swamps, would probably be beneficial m increasmg the resistance 
of the trees Recent experiments indicate the possibility that 
superficial dramage may so change the character of the ground 
cover, beneath the trees, that conditions may be made less 
favorable for sawfly hibernation than in undrained swamps 

Questions on Literature 

1. From what locality and by whom was the first outbreak of the larch 
sawfly reported? 

2 What species of larch are susceptible to mjury by this species of insect? 

3 Give the exact distribution of the larch sawfly in Europe and Amenca. 

4. What IS the sex ratio of this species and what influence should this have 

upon its biotic potential? 

5 What parasites and predators help to keep this pest m check? 

6 What secondary insects accompany outbreaks of the larch sawfly? 


transform to the pupal 



Fig 71 — Adult larch sawfly 
ready to oviposit m a young 
larch shoot. 
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The Pine Sawflies. — Several species of sawflies are injurious 
defoliators of pme. Some attack the older trees, hke the jack- 
pme sawfly, Neodvpnon banksmius (Fig. 72), while others, of 
which N eodipnon lecontn is a good example, prefer to attack the 
younger trees. 

AU of the members of this group deposit their eggs m shts cut 
m the edge of hvmg pme needles. Some species pass the wmter 
m the egg stage and the young larvse hatch out in the sprmg; in 
other cases, the winter is passed m the prepupal stage withm the 
cocoon Certain species like Neodipnon bankatance have a 
divided emergence similar to that of the larch sawfly. That is, a 
part of the adults emerge in the fall following cocoomng, while 



Fio 72 — The jaok-pme sawfly, Neodipnon iankaiamB Adiilt female and male 
The female 15 the larger of the two 

a part of them remain for a year longer within the cocoon This 
protects the species against such seasonal catastrophies as may 
arise directly or mdirectly from adverse weather conditions 
The jack-pme sawfly appears to be one of the most dangerous 
of the sawfly defohators of pme and, durmg recent years, has 
been responsible for considerable mjury m certam large areas m 
the Lake States The adults of this species appear in the 
autumn. The sexes are so different in appearance that it might 
easily be thought that they were different species The males 
are only about luch in length, much smaller than the females, 
black m color, with feather-hke antennae. The females are 
almost % inch in length, yellowish brown in color, and the 
antennae are thread-like. 

The winter is passed in the egg stage in the needles on the host 
jree The eggs hatch during May and the larvae complete their 
development in a very few weeks Even under cool conditions, 
jhe length of the larval period does not usually exceed five weeks 
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and under favorable conditions this period may be much short- 
ened. In the early mstars, the larvje are a uniform green color 
■with black heads In the third mstar, black longitudinal stnpes 
begin to appear which become very strongly marked m the full 
grown larva. There is but one generation per year. The cocoons 
are spun m the htter on the ground beneath the infested trees. 
The larvae remaon m the prepupal stage until late August or 
September, at which tune a part of them transform to pup© 


Fig 73 — ^Larvce of the forest tent-oaterpillar Note the line of light-colored 
spots that serve to distinguish this caterpillar from other closely related species 
(JJrmers\^ of Minnesota*) 


and later to adults, whole the others remain in the prepupal 
stage until the following August or September 

Food conditions for this sawfly are much more favorable than 
they were 20 or 30 years ago. In fact, it is evident that they are 
ideal when the large areas, formerly covered with red and white 
pine, that are now occupied by jack pine are considered Para- 
sites are abundant but do not occur in sufficient numbers to hold 
the pest m check. Apparently, under present conditions, the 
most important factors that regulate the abundance of this sawfly 
are the weather factors Heavy rams durmg the larval stage, or 
cool moist weather followed by hot weather, have checked 
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6 ' 

Fiq 74 — h Defoliation of yellow pino by tho pine butterfly at New Meadows, 
Idaho {J C Evenden ) 
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threatened epidemics during the seasons of 1924 and 1925, 
either by washmg the larvae from the trees or by making possible 
the development of a wilt-like disease. In 1926, an early spring 
followed by late frosts killed many larvae, thus reducing the 
numbers of this insect. In spite of these controlling mfluences, 
enough adults have emerged each of these years to provide an 
abundant supply of eggs for the next season Under favorable 
weather conditions, therefore, which means warm dry weather 




Fig. 76 — Adult moths of the hemlock looper, Ellopia fiaccllana, (A A. 

Oranovsky ) 


during May and early June, an outbreak of this pest in large 
areas m Minnesota may be expected 

The control of this pest m forests has not been adequately 
investigated, but it appears that the situation would be amelio- 
rated by a reduction m the area occupied by jack-pme forests, 
and a return to the better balanced mixed-pme forest. Ornamen- 
tal trees may be effectively protected against this pest by spray- 
ing or dustmg with an arsemcal while the insects arc in the larval 
stage. It IS desirable to apply the poison while the larva are 
stiU small, because they are much more susceptible at that tune, 
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and, moreover, if treatment is delayed too long, an unnecessary 
amount of defoliation will occur before they are killed 

Questions on Literature 

1. How many species of pine sawflies are common in North America? 

2. Should European species of this group be considered by American 
foresters? Why? 

3 Which are more injurious to forestry, the species that attack young 
trees, or the species that attack mature timber? 

A What are some of the important natural enemies of the pine sawflies? 

6. Are there any important sawfiy pests which attack other trees, either 
hardwood or conifers? If so, what are they? 



Fia 76 — Larvce of the hemlock looper feeding upon hemlock needles (A. A 

Granovsky ) 

In the precedmg discussion of defoliation and defoliators only a 
few specific insects have been considered. These will serve to 
illustrate the general type of injury, and some of the methods of 
control that may be used in combating insects of this type. 
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Many other species might have been used equally well as illustra- 
tions, and if space permitted they might have been discussed to 
good advantage. Some of these are the forest tent-caterpillar 
(Fig 73), the fall webworm, the white-marked tussock-moth, 
the pine butterfly (Fig 74), and the hemlock looper (Figs 75, 
76) For the benefit of those who may wish to study these and 
other defoliators a list of reading references is given under Leaf- 
eating Insects in the general bibliography 



CHAPTER XI 


MERISTEM mSECTS OF THE TERMINAL PARTS 

The meristematic tissues, as compared with, other portions of a 
tree, are high m protem content and are, therefore, among the 
parts held m favor by many msect species. In number of species, 
the menstem eaters are exceeded only by the leaf eaters The 
term “menstematic tissue’^ is here interpreted to include not 
only the cambiutn layer proper and the growmg tips, but also 
the adjacent soft portion of the xylem and phloem. 

GROUPS OF MERISTEM INSECTS 

In a discussion of insects feeding upon the meristematic tissues, 
we may classify them on the basis of their taxonomic position, or 
on the basis of the condition of their host, or on the basis of the 
part of the tree on which they feed 

On Basis of Taxonomic Position. — Among the meristem insects 
are found representatives of several orders. Among the Diptera 
there are a number of cambium mmers that find their nourish- 
ment m living trees These dipterous cambium mmers do not 
kill trees and are, consequently, of comparatively little economic 
importance. It is said, however, that their activities are respon- 
sible for certam minor defects of birch and maple, called “pith 
flecks ” Some of the Chironomidse, called “pitch midges,” 
feed upon the cambium of coniferous trees (Fig 77). The pith 
that exudes from the tree covers the larv 80 and serves as a pro- 
tection for them Although numerous, this group contains 
no very dangerously mj’urious species There are also numerous 
dipterous species which inhabit the cambium region of dead trees 
or logs without bemg true menstem eaters They either feed 
upon micro-orgamsms, hke fungi, that are found in these locar- 
tions, or, as in the case of the smpe flies, they are predaceous 
upon the true cambium feeders Thus the Diptera found in 
menstematic tissues cannot be regarded from the economic aspect 
as a very important group. 
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Among the Lepidoptera, on the other hand, are many impor- 
tant menstem insects Certain species of the family Aegenidse, 
for example, the clear-wmged moths, feed upon the menstematic 
tissues of the trunk and branches of trees. Some of them that 
attack conifers are known as pitch moths because of the mass of 
pitch which exudes from the injured tissues 

M - . When such mjunes become overgrown by 

wood, pitch pockets are formed These de- 
fects, when numerous, matenally reduee the 
merchantable value of the lumber produced 
from the trees. The superfamily Tortncoidea 
of the Lepidoptera also contains a number of 
typical menstem insects. The tipmoths and 
bud mmers furnish many illustrations of this 
group. 

But of all the menstem insects those that 
feed on the cambium are by far the most 
important group Of these, the larger pro- 
1 1 ^}i j portion belongs to the order Coleoptera. The 
famihes of beetles that most commonly feed 
upon cambium are the Curculionidffi, the 
Ipidae, the Cerambycidse, and the Buprestidas 
!ir, ' Each of these families contains species that 

are highly speciahzed for life in the cambium 
region, and many of them spend then entire 
developmental period there Others require 
caused by the work succulent and nourishing tissues only 

the pitch midge dunng the early developmental stages, and 

later are able to obtam nourishment m the solid wood to complete 
their development. All of these various types will be included 
in this discussion. 

In a brief review of menstematic insects such as this must be, 
only a few species can be selected for discussion A supple- 
mentary list of some other species belonging to this group, 
with reading references, will be appended in the bibliography, 
for the convemence of those who wish to expand their study 
of these insects. 

On Basis of Host Condition. — Menstem insects are often 
referred to as bemg either primary or secondary in character 
These are exceedmgly convenient terms. Unfortunately, they 
have been used rather loosely m forest entomological work and 
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jherefore, it is important that the sense in which these terms are 
ased herein be made clear A primary msect is an insect that is 
ible to attack a healthy, hvmg tree and complete its normal 
ievelopment therein. A secondary msect is one that is incapable 
if attacking and completing normal development in a healthy 
.ree. It would be possible to classify menstem insects on this 
lasis, but in this discussion another arrangement seems more 
desirable The terms primary and secondary will, however, 
De used as defined above m connection with certain species 

On the Basis of Feeding Place. — For the purposes of discussion, 
t is more convenient to classify the menstem insects into three 
nam arbitrary groups based upon the part of the tree affected. 
These divisions are as follows 

1 Insects feedmg on the terminal parts of trees 
a On twigs, tips, or shoots 

b On small roots 

2 Insects confined to the cambium region of the trunk and 

branches 

3 Insects attacking both cambium and wood 

The remainder of this chapter will be devoted to a discussion of 
ome of the various menstem insects that feed on the terminal 
larts of trees, dividmg them into two minor groups on the basis 
)f whether the terminal part attacked is above or below ground 
The other two chief groups wiU be discussed in the two following 
hapters. 


INSECTS FEEDING ON THE TIPS 

This group contains a multitude of insect species but, fortu- 
lately, only a comparatively small number of them are 
ufficiently abundant to be classed as senous pests The 
aembers of this group seldom kill the trees that they attack 
"“heir chief effect is either to reduce the rate of terminal growth 
r to cause deformities that reduce the merchantable value of 
imber In some cases they cause a reduction in both growth 
■nd quality An exception to the rule that these insects seldom 
ill trees is found m cases where these tip destroyers attack 
eedling or sapling trees. In such instances they frequently kill 
he little trees 

The Pine Tipmoth. — One of the truly injurious tip feeders is 
he pine tipmoth, (Nantucket pine moth) Rhyacioma {Evetna) 
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frustrana. This species was first reported from Nantucket 
Island, by Scudder m 1876, where it was said to be kiUmg pines 
20 to 30 years old A few years later Comstock reported it as 
bemg abundant upon Virgmia scrub pme near Washmgton, D. 
C. Smce that time it has been found that this species, mcluding 
the closely related western variety known as R frustrana bush- 
nellif is generally distributed throughout the pme forests of North 
America, and is responsible for an immense amount of damage to 
small pmes, both m natural reproduction and in plantations. 
In the East, this msect has not attracted much attention, smce 
the outbreak on Nantucket Island m 1876, until recently In 
1^25 another serious outbreak was reported from Cape Cod 
During the mtervenmg period the species has been present and 
has reduced the growth of small trees in the East, but it has not 
been sufficiently abundant to kill trees 

The western variety has, m some places, done very little 
damage, while in other locahties it has been very injurious, espe- 
cially to western yellow-pme seedhngs and small saplings In the 
Lake States and the Black Hills the pine tipmoth can be found 
m practically every stand of young pme but is never an injurious 
insect In the sand-hill plantations of the Nebraska National 
Forest and farther south, on the other hand, this insect has 
proved to be a most serious pest 

The number of generations per season varies with latitude 
Only one generation occurs m the Lake States and the Black 
Hills, but in the South there may be three or, possibly, four 
In the latitude of Nebraska there are two generations This 
variation is, doubtless, one reason for the difference in economic 
importance of this species in different locahties In the Lake 
States and the Black Hills, where there is only one generation, 
little economic mjury results; whereas in Nebraska and farther 
south, where two or more occur, the injury to young pme is 
severe It is doubtful if this msect will ever be an important 
pest under chmatic conditions that permit the development of 
only one generation per year. 

The hfe history of the insect m the East and in the West is 
very similar bpt vanes somewhat more than is usually the case 
with the same species. The adult moths of both arc small, with 
a wmg-spread of less than 3^ inch. The front wings are marked 
with conspicuous copper-colored bands and spots They emerge 
m the early sprmg and deposit their eggs on the tips of the young 
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trees After the eggs are hatched, the tiny pale brown larva 
mine the buds or needles and also the expanding growth (Fig 
78) In the latitude of Nebraska the larva have completed 
their growth by the latter part of June. They then transform 
to the pupal stage which they spend m a thin silken cocoon, 
within the tunnels that they have mined m the tips. During 
the first part of July they emerge as adults These moths of the 
first generation then deposit eggs on the young pine tips for the 
production of a second generation This second brood is much 
more abundant than the first and does a correspondingly greater 
amount of injury. When the larva of the overwintering genera- 



Fio 78 — Cocoons, pupal skins, adult moths, and larvcs of the pme tipmoth, 
Rhyacioma frustrana, 

tion reach maturity, they spin a cocoon in which to pass the 
wmter The eastern vanety passes the winter in the tips, while 
the larva of the western vanety, when full grown, drop to the 
ground where they spm their cocoons in the soil beneath the 
trees 

The history of the pme tipmoth on the Nebraska National 
Forest illustrates well one of the dangers that foresters should 
guard against m conductmg reforestation projects The 
Nebraska Forest is made up of a series of plantations isolated 
from native pme Under such conditions, it might be expected 
that the forest would, at least, become well established before 
any injunous pests would make their appearance in it, provided, 
of course, that reasonable precautions were taken to prevent 
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insect introduction. But because of the desire to obtain quid 
results in the early days of this project, the advantage of isolatioi 
has been sacrificed Instead of waiting the three or four year 
necessary to produce planting stock from seed in the local nursery 
forest-pulled stock was shipped in from the Lake States and th 
Black HiUs for planting in Nebraska In as much as this stool 
appeared to be healthy its introduction was deemed safe Bu 
if we examine the available evidence, it would appear that th* 
pine tipmoth found its way into the plantations on some of theS' 
forest-pulled trees The insect, although innocuous in the north 
became an exceedingly serious pest in its new home. 

This experience emphasizes the danger that is always presen 
in the shipment of plantmg stock from one region to another 
Many msect troubles could be avoided if proper precaution 
were always taken when new plantings were made. Where ve 
possible, stock for forest planting should always be grown ii 
the region where it is to be planted When this is impossible 
then the stock should be obtained from caiofully inspcctec 
nurseries. In no case should forest-pulled stock be used fo 
plantmg outside the region where it was grown The reasoi 
especial care should be used to avoid the introduction of insect 
into new localities is that, very often, a species in a new environ 
ment is much more injurious than in its old home, where th« 
environmental resistance was higher 

The pme tipmoth is one of the very difficult forest pests U 
control. Up to date, the only method that has proved itsel 
sure is to pick off and destroy the infested tips before th- 
emergence of the first brood. Neither spraying nor dusting ha 
proved entirely satisfactory, although a spray of nicotine, whej 
applied repeatedly, appears to reduce the injury At the presen 
time we are forced to class this important pest among thos 
species that cannot be controlled in the forest 

Questions on Literature 

1 What precautions should be taken to prevent the spread of tins msec 
into umnfested plantations? How is this pest probably tiansported? 

2 What insect parasites are important m controlling this tipmoth unde 
normal conditions? 

3 Do birds play an important part in regulating the abundance of thi 
pest? If so, how? 

4 How do the larval habits of the two broods differ? 

6 At what time of the day are the moths usually on the wing ? 
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The Pales Weevil. — Another important pest of young pmes, 
particularly in the northeastern states, is the pales weevil, 

pales This weevil is normaUy a secondary pest of pine but, 
rxnder certam conditions, it may be extremely mjunous to seed- 
lings. It is said that one important reason for the failure of 
jaatural reproduction of white pine, folio wmg loggmg, is the injury 
-fco seedlmg growth by this beetle (Fig. 79) 



Fra 79 — A white-pme seedling injured by adults of pales weevil Note how the 
bark has been gnawed off, {H, B, Pevraon^ Barnard Forest Bull 3 ) 


The pales weevil is a small, brown snout-beetle with light- 
colored markings on the elytra It breeds m freshly cut logs, 
s-tumps, and mjured trees, depositmg its eggs in the bark during 
•the early sprmg months The larvse develop to full growth in 
•fche cambium region and are grub-hke m form resembhng the 
young of the bark beetles. When fuU grown, they form pupal 
cells by cutting depressions in the surface layers of the sapwood 
and roofing them over with shredded wood. This type of pupal 
cell IS often called a chip cocoon. The adults emerge in the 
spring months and before they begin ovipositing they require 
fresh cambium of white pine for nourishment In cutover areas, 
■thie small seedlings provide almost the only green white pine 
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available. For this reason, m the spring, the young trees a 
attacked and sometimes entirely destroyed by hungry adi 
weevils 

The plantmg of recently logged white-pme areas should not 1 
attempted until after the second season following logging, unle 
some means are used either to destroy the brood or to preve 
the breedmg of this weevil in the fresh stumps On loggu 
areas where a good advance growth of seedlings is alreac 
established when the large trees are cut, it is advisable to tre 
the stumps to prevent breeding of the weevil This end may 
accomphshed by barking or scorching the stumps Barkii 
can be done for only a few cents a stump for those averaging 
inches m diameter and is much cheaper, and more effective, th: 
scorchmg stumps with fire. 

Questions on Literature 

1 What IS the distnbution of the pales weevil ? 

2 What IS the cost of barking stumps for the purpose of controlling 1 
pales weevil? 

3 At what time of year should the stumps be barked? 

4 How do the tunnels of the pales weevil differ from those of /ps jmvh 

6 To what fanoily of insects does the pales weevil belong? 

The White-pine Weevil. — One of the important meristc 
Insects of the eastern white pine in the sapling stage is the whii 
pme weevil, Ptssodes strobt This pest does not kill trees, bi 
by killing the terminal shoot of the mam stem, it causes the in 
to grow forked and crooked and may, under some conditioi 
render them unmerchantable for lumber 

The weevils are brown snout-beetles somewhat smaller th 
the pales weevil and with more sharply distinct white markir 
on the elytra They pass the winter m the litter beneath t 
trees. In the sprmg, they emerge from hibernation to feed 
a tune upon the buds and inner bark of the leading shoots 
young white pmes They then deposit their eggs in chamb' 
hollowed out of the inner bark (Fig 80) From one to thi 
eggs are deposited m each chamber The grub-likc larvae wc 
downward beneath the bark and destroy the cambium as tt 
proceed (Fig 81). Full growth may be attained before the fi 
whorl of branches is reached, but in some instances the lar 
may pass below the second, or even the third, whorl from the t 
before reaching full development When full grown the lar 
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fter constructing a pupal cell m the pith or wood, transforms to 
he pupa and then to the adult (Fig 82). In late July and 
Lugust the young adults emerge; after feedmg for a short tune 
ipon the inner bark of the new growth, they seek hibernation 
[uarters beneath the trees. 

Although tins insect is primarily a pest of saphng pines, its 
.ctivities are not confined entirely to such trees. Sometimes 
arge trees may be attacked but the injury that results is negh- 
ible. The age at which the trees are most susceptible is 



Fig 80 — A white-pine weevil adult, resting on the terminal buds of a white- 
me saphng Feeding punctures may be seen on the buds, and ovipoaition 
unotures on the stem below the buds 


■etween 10 and 16 years After the 20-year mark is passed the 
roportion of infested leaders drops off rapidly and soon becomes 
f httle consequence 

This pest can be controlled in ornamental plantmgs by pruning 
rom the trees the injured shoots, or by coUectmg the adults 
unng the early spring, by knocking them off the trees into a large 
et Either collecting or prumng is too expensive to be profitably 
pphed to forest plantations, but, fortunately, other less 
xpensive means of control are available 

Studies m New England, New York, and Mmnesota have all 
hown conclusively that trees growing in a dense stand are less 
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subject to weevilmg than are trees growing in open stands and, 
also, that in dense stands the stimulation to straight growth is so 
strong that practically all weevil mjury is outgrown (Pig. 83) 
For perfect results 1,700 trees per acre is necessary m New York, 
whereas the standard density of 1,200 trees per acre gives ade- 
quate protection under Minnesota 
conditions. 

It has also been shown by Peirson 
and others that white pines growing 
under the shade of hardwoods are 
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Fig. 81 — Section of a white-pine terminal shoot with the bark romovod to 
expose the eggs and larvffi of the white-pme weevil 
Fig. 82.— Larvce and pupee of the white-pme weevil m their pupal cells within the 
pith of a white-pme shoot 


not attacked by the white-pine weevil. This suggests the possi- 
bihty of growing white pine under a nurse crop, or under a 
modification of the shelterwood system, so as to maintain such 
conditions of light as to be unfavorable for the weevils but still 
smtable for satisfactory growth of the pmes. The plantmg of 
white pines m mixture with other pines has also been suggested 
as a possible means of reducmg mjury by the weevil In select- 



Pig 83 — A scattered stand of young white pine where stimulation to straight 
growth is lacking Such pines are certain to be heavily injured by the weevil 
and will seldom produce merchantable timber. 

Questions on Literature 

1 What species of trees are susceptible to injury by the white-pme weevil ? 

2 Are there any important parasites that help to reduce tjhe number of 
the weevil? 

3 What birds are probably most valuable m controlling this beetle ? 

4. What habits serve to distinguish the white-pme weevil from its close 
relatives? 

6 What are some of the other important forest pests that belong to the 
same genus as the white-pine weevil? 

INSECTS FEEDING ON SMALL ROOTS 

All of the menstem insects that feed on the terminal portions 
of trees that have been considered so far m this discussion, have 
attacked the parts above ground A group that feeds upon the 
small rootlets beneath the ground will now be discussed. 
Members of this group are, for the most part, enemies of small 
trees only, because the roots of the larger trees penetrate the 
ground below the depth at which these insects normally feed, 
and are consequently little affected by them. Both trees grow- 
ing in nurseries and seedlings in the forest, however, often suffer 
severely as a result of the activities of root-eatmg insects 
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The White Grubs. — The most important meristem insects 
feeding on rootlets belong to the white-grub group represented 
by the species of the genus Phyllophaga (Lachnostema) These 
insects are closely related to the very mjunous European genus 
Melolontha. The white grubs are the larvse of the may beetle, 
one of the large, awkward beetles of the family Scarabaeidse 
(Fig 84). The beetles are about 3^ inch or more m length, 
heavy-bodied, and brown or black in color. They emerge from 
the ground m early sprmg and feed upon the fohage of trees 
Occasionally, they cause considerable defoliation injury Usu- 
ally, however, this defoliation is not of serious consequence 



Fig 84. — White grubs Adult and larves, {XJrmers'^iy of Minnoaota ) 


The females deposit their eggs in locations where surface vege- 
tation is heavy, as m sod, but they also find favorable locations 
for their eggs m the nursery m coniferous seed beds The young 
larvfiB that soon hatch from these eggs feed for the remainder of 
the summer upon organic material and roots near the surface 
of the soil When wmter comes, they burrow deep into the 
ground and hibernate. The next spring they work their way 
Upward toward the surface and contmue to feed on the roots of 
trees or herbaceous vegetation It is during this second year 
that they are particularly mjunous With the amval of fall, 
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they again burrow deeply into the ground for hibernation, and 
again in the spring they continue to feed upon roots. The larval 
growth IS completed m midsummer, after which the larvse make 
pupal cells m the ground where they transform to the pupal 
stage After an mterval of a few weeks, transformation to the 
adult takes place but the beetles remain m the pupal cells until 
the following spring. Thus 3 full years is usually required to 
complete the life cycle In the south, the cycle may be reduced 
to 2 years, but m the extreme northern part of the Umted States 
and m a large part of Canada, completion of the cycle requires 
4 years. 

These insects are sometimes exceedingly injurious in forest 
nurseries, particularly m transplant beds. Fortunately they are 
comparatively easy to control. The eggs are always laid in 
dense vegetation; therefore, if a nursery is kept clean the only 
favorable location for oviposition is m the seed beds If these are 
kept screened with inch wire mesh, no infestation can occur. 
If uncovered seed beds become infested no serious mjury will 
occur during the first year aiter the eggs are laid. If the ground 
occupied by these seed beds is used for transplants the following 
season or if the seedlings are not dug durmg the sprmg foUowmg 
infestation, heavy losses may be expected 

In order to avoid losses on new ground, some cultivated crop 
should be grown for 2 or 3 years before planting to trees This 
would give the grubs that are present time to complete their 
development and emerge. Unless the ground occupied by 
seed beds can either he fallow or be planted to some cultivated 
crop for 2 or 3 years after a crop of seedhngs has been dug, the 
seed beds should be screened to prevent access of the adult 
beetles to the seedhngs In this way oviposition can be pre- 
vented Ground in a nursery that is lymg fallow should be kept 
clear of grass or weeds. Otherwise the beetles will oviposit 
there 

In cases where proper precautions have not been taken and a 
nursery has become infested, the application of mechamcal con- 
trol measures will be necessary. This is a difficult matter and 
sometimes cannot be accomplished at all m heavy soil. In 
hght soils, however, a tool resemblmg a steel brush has been suc- 
cessfully used in destroying the larvee. By repeatedly forcmg 
the wires of this brush into the soil most of the grubs in a small 
area may be killed Obviously, this is an expensive method of 
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control in a country of high labor cost and is ordinarily unneces 
sary when proper precautions are taken. 

Questions on Literature 

1 About bow many species of white grubs are common m the Northeast 
the Lake States, the Northwest? 

2 What name other than may beetle is apphed to the adults of the white 
grubs? 

3 How does the life cycle of the may beetle differ from that of the 
European Melolontha? 

4 What methods are used m Europe for Melolontha control? 

6 What are some of the important enemies of white grubs? 

Other Small-root Insects. — In addition to the white grube 
there are a number of insects of lesser importance that feed upon 
the small roots of trees. Some of the cecidomyid gall inaecte 
attack the root meristem and there produce gaUs Some othei 
members of the Diptera also may attack the small roots but they 
are all of very mmor importance from the economic viewpoint 
Some of the soil-mhabitmg insects, hke the wiroworms, will feed 
upon the small roots and, if numerous, may cause considerable 
injury to seedlmgs either m the forest or the nursery 

The wireworms belong to the family Elateridsc of the order 
Coleoptera and, hke the white grubs, feed m the larval stage upon 
vegetable material, mcluding plant roots. The adults of this 
family are commonly called “click beetles.” They are heavily 
chitimzed, flattened beetles resemblmg some of the buprestids in 
form The larvae are slender, elongate, and heavily chitimzed; 
hence the name mreworm The legs are feebly developed. 

These insects are found most commonly m comparatively 
heavy, moist soil which contains a considerable amount of unde- 
cayed plant materials. Small trees growing in such locations are 
most likely to suffer injury from these pests No satisfactory 
method has been developed for the control of wireworms; 
forest nurseries, therefore, should not be established on soil in 
which wireworms are abundant 

Questions on Literature 

1 Why are the adults of the wireworms called click beetles? 

2 How long IS the life cycle of the wiroworm? 

3 What other beetles that resemble wireworms occasionally injure the 
roots of trees? 

4. Are all wireworms found m the soil? 

6 What are some of the natural enemies of wireworms? 
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MERISTEM INSECTS OF THE CAMBIUM REGION 

The insects of this group are commonly known as cambium 
insects. They live m the cambium throughout their develop- 
mental period and, with certam groups, the Ipidae for example, 
3ven the adult hfe is spent for the most part m that region. 
Among the cambium msects are some of our most destructive 
Forest pests and, also, many species that never kill or senously 
mjure healthy trees. Representatives of several insect orders 
iive in the cambium, but most of the cambium msects belong to 
Bither the Lepidoptera or the Coleoptera. For purposes of dis- 
3USsion, it is more convement to divide the cambium insects mto 
two arbitrary groups, namely, the cambium borers and the bark 
beetles Insects belongmg fo both these groups feed upon the 
3ambium during the developmental stage, but in the former 
group only the larvse, and m some cases the pupse, are found m 
that region, whereas m the latter group both larvse and adults 
inhabit the cambium 

CAMBICTM BORERS 

Among the cambium borers we find members of both the 
Lepidoptera and the Coleoptera, the latter predominatmg 
Among the Lepidoptera the pitch moths are perhaps the most 
Bommon (Fig. 85). There are a number of species of these moths, 
but their hfe cycles and types of mjury are usually very similar. 
Therefore the well-known pme pitch-mass borer adequately 
illustrates these lepidopterous cambium insects. 

The Pine Pitch-mass Borer. — The adult of the pme pitch-mass 
borer, Parharmonia pim, is one of the clear-wmged moths of the 
Family Aegeriidse. In shape and coloring, these moths suggest 
wasps; consequently, members of this family are frequently 
Bited to illustrate protective coloration and mimicry. This 
insect does not kill trees but causes defects that lower the value 
of lumber made from the injured trees 

The adult moths appear m midsummer and deposit their eggs 
on the bark of the host tree, usually at the edge of a wound The 
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larva, which are typical caterpillars in form, hatch from the eggj 
and spend two or three years m the developmental stages 
During this penod they feed m the cambium region where ead 
larva excavates a broad chamber near the point where the eg^ 
was deposited. After the larvsc have become full grown, whict 
process may require several years, they transform to the pupaj 
stage in the pitch mass that has accumulated over the burrow 



Fig 86 — A pitch pocket in the process of formation in douglas fir Tho 
jgrowth of the tree is gradually enclosmg a mass of pitch exuded from tho tunnels 
of the douglos-fir pitoh-moth. {Bureau of Entomology, U S Dept Agr ) 

Just before the adult moth is ready to emerge, the pupa works the 
anterior portion of its body out of the sticky mass of resin, so 
that the moth may emerge without beconung entangled m the 
soft mass. 

The control of pitch moths is very difficult in the forest The 
systematic examination of the trees, m order to secure the 
destruction of larvsB by mechamcal means, has been recommended 
for certain species, but such an operation would be economically 
justifiable only where extremely severe infestations occur m 
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very valuable timber Because the moths seek wounds and scars 
for oviposition, the prevention of mechamcal injuries to the tree, 
or any treatments which tend to stimulate rapid healing of 
wounds, will reduce the amount of mjury by the pitch moth. 
Thrifty trees growing on suitable site conditions are less sus- 
ceptible than are trees growmg on the poorer sites On shade 
and ornamental trees, of course, the process of destroying the 
larvae is both effective and economically justifiable. 

Questions on Literature 

1 What are sorae of the other members of the pitch-moth group that are 
injunoufl to forest trees? 

2 What IS the length of the life cycle of the pme pitch-mass borer? 

3 What important pests of orchards belong to the same family as the 
pitch moths? 

4 Why cannot the pine-mass borer be controlled by the application of a 
spray to the trees'*’ 

By far the greater number of the important cambium borers 
belong to the order Coleoptera Among them are many of the 
Buprestidae, the metallic wood borers or flat-headed borers, 
and a number of CerambycidsB, the long-homed or round-headed 
borers These families of beetles contam some of our best known 
forest pests Some of them are primary, and are able to attack 
healthy trees and complete their development therein Others 
are secondary, and are only able to complete their development in 
decadent or dying trees, and in freshly cut logs The most 
important species of insects m this group are, of course, the 
primary species The secondary species of cambium insects 
play an important part in hastemng the decay of forest waste by 
opening the way through the bark for fungous infection, but 
otherwise they are of little direct importance. This is not true 
of the secondary insects discussed in the next chapter, those that 
not only work in the cambium region but also bore mto the solid 
wood A few examples of the cambium beetles will now be 
considered. Several of the primary species that are representa- 
tive of the important famihes mentioned above will be discussed. 

The Sugar-maple Borer. — ^Among the cambium borers one of 
the most stnking and best-known examples is an insect of the 
family Cerambycidse called the sugar-maple borer, Glycdbius 
(Plagionotus) speciosus This insect confines almost all of its 
larval activities to the cambium region, and only when it reaches 
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its full growth does it penetrate into the sapwood where it forms 
its pupal cell. 

TTie adults are beautiful black beetles, almost an inch in 
length, with yellow markings (Fig 86). They emerge from the 
trees in midsummer and deposit their eggs in slits, which they 
. cut with their mandibles, m the 


bark of hard maple trees, usually 


on the trunk 


The larvae soon 


! hatch, tunnel through the bark, 
and take up their injurious labors 
I m the cambium region Here the 
I larvae pass the winter and m the 
year following they accomplish 
the greatest injury. Since the 
larvae tend to tunnel around the 

, _ ^ i tree rather than lengthwise of 

i trunk, a very few of them 

. working close together may girdle 
I a tree and thus kill it Usually, 
I however, the larvae are not gre- 
I ^ garious and consequently the 

■ I I ; I j , , I ■ ' ' u hifested tree does not immediately 
SI ,j|| I III ||| die. By killing patches of bark 
' m the way is opened, however, to 

I the attack of other disease 

orgamsms The larvae attain full 

growth by the end of the summer 

following the year of oviposition 

Fig. 86 — Tlie Bugar-maple borer, -^t that time they tunnel into the 

8pecw8U8 , 1 wood where the pupal cell is 
Adult beetle 2 Young larva 3. r j xu v i 

Fully grown larva cutting into the loomed, there the Second winter 

^ passed m the prepupal stage 
The pupal stage occurs the follow- 
ing summer just previous to the emergence of the adults Thus 
a period of two years is required for the complete life cycle of 
this insect. 





To control this insect in shade trees, it is advisable to destroy 
badly infested trees. In moderately infested ornamental trees, 
the larvae may be cut out and destroyed. This work should be 
done as early as possible m the hfe of the insects so that the 
resultant wounds may be small and, as a result, quick to heal. 
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The presence of young larvee is indicated by the exudation of 
frass and sap from the egg shts In woodlands and groves, 
the presence of a luxuriant undergrowth is said to reduce the 
danger of infestation by this beetle The beetle is a light-loving 
species; hence trees in the open are more subject to attack than 
are trees m closed stands This fact should be borne m mmd 
when improvement cuttings and thinnmgs in hardwood forests 
are contemplated 

Questions on Literature 

1 "What other closely related insects might be confused with the sugar- 
maple borer? 

2 Does this borer attack other maples than the sugar maple? 

3 How many eggs does a single female of this species usually deposit? 

4 What appearance is characteristic of the trees infested with this insect? 

6 Is the sugar-maple borer a native or an mtroduced pest? How do 

you know? 

The Two-lined Borer. — The two-lined borer, Agnlits hilinecdus, 
IS a member of the family Buprestidse The members of this 
family are sometimes called the metaUic wood borers, because of 
the metallic coloration that is so characteristic of the adults; 
or sometimes they are called flat-headed borers, because of the 
flattened prothorax which at first glance appears to be the head 
of the larva. Many of the members of this family are cambium- 
wood insects and some are wood insects These will be taken 
up m succeedmg chapters. But some of them, like the two-lmed 
borer, work dunng their entire developmental period in the 
cambium region 

The two-hned borer attacks chestnut, oaks, and, possibly, 
beech. This species is generally distributed east of the Rocky 
Mountains. The beetles after emergmg m late spring and early 
summer deposit their eggs upon the bark of their host trees 
They are black beetles about iiich m length and rather slender 
in form These beetles are more or less gregarious, and the eggs 
that the females lay are usually deposited rather close together 
on attractive portions of the trunks and larger branches of the 
host tree The eggs are tightly fastened to the bark, and, m 
hatching, the young larvae cut their way through the under side 
and bore directly through the bark to the cambium. There they 
tunnel transversely between the bark and wood Workmg in 
groups as they do, they promptly girdle the infested portion of 
the trunk or branch and may, if they are suflBiciently numerous, 
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kill a large tree in a single season (Fig 87). The larvae are 
elongate flattened grubs with the head invaginated into the 
somewhat enlarged flat prothorax By autumn the larvae are 
full grown They tunnel mto the bark and there form pupal 
cells m which they pass the winter as prepupae. In the spring 
they transforin to the pupal stage and in June emerge as adults. 

The two-hned borer is a hght-lovmg insect The adult beetles 
hke to bask m the sun For this reason they are much more 



Fig 87 — Larva of the two-tined borer, Agr^us bilineatibs, tunneling in oak 
C Umvereity of Minnesota ) 


likely to deposit eggs upon trees that are standing alone than they 
are upon forest trees. This species is, therefore, more injurious 
to shade trees than to trees growing under forest conditions In 
some locahties, the two-hned borer is frequently found working 
in conjunction with the root rot Armelana mellia, a parasitic 
fungus. Armelaria, unhke the borer, appears to attack most 
frequently trees growmg m woodlands and kills groups of trees 
Around the edges of these kilhngs, the two-hned borer finds a 
desirable place to work and usually joins with the fungus in con- 
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tmumg the destruction of the trees A tree that is heavily 
infested by this insect is almost certain to die ; the tunnels result- 
ing from a hght attack, on the other hand, are often overgrown 
by healthy vigorous trees 

One of the methods frequently suggested for the control of this 
pest IS to cut and bark all infested trees before the adult beetles 
emerge in the spring Control by this method must be a com- 
mumty proposition, for the efforts of an mdividual owner, with- 
out the support and cooperation of his neighbors, are hopeless 
Even when an entire community joins m the work, there is 
danger of the beetles flying m from outside and reinfestmg the 
area. 

Almost the only means for controlling the two-lined borer on 
a small scale is by the use of a repellant spray Whitewash, 
lime sulphur, and iron sulphate have a repellant effect when 
apphed to the trunk and lajge branches, m that they make the 
tree less attractive to the beetles. Unfortunately, most repellant 
materials lose their efficacy as a result of the effects of rain; 
hence, m order to insure success, frequent apphcations of the 
repeUant must be made durmg the period of oviposition. 

Other Species of Agrilus. — Several other species of the genus 
Agrilus are dangerous enemies of forest and shade trees The 
oak twig-girdlers are particularly injurious. These girdlers 
attack small branches or twigs and usually carry their tunnels 
toward the base of the branch m which they are workmg At 
intervals they circle the branch and thus girdle it at that pomt 
These insects may kill branches as large as two inches in diameter, 
thus they stand in an intermediate position between the menstem 
insects of the trunk and larger branches and those that work on 
twigs 

In many parts of the United States the bronze birch-borer, 
Agnlus anxiuSj has become so abundant that the successful 
growmg of birch for shade trees is almost impossible Even in 
the forest, it is becommg more and more prevalent (Fig 88) 
It IS very similar in appearance and habits to the two-hned 
borer It is most seriously mjurious to overmature stands, but 
IS also a dangerous pest of birch that is growing slowly on poor 
quality sites. Like the two-lmed borer, the bronze birch-borer 
IS a lover of sunlight It is for this reason that shade and other 
ornamental birches are so often attacked by this insect For the 
same reason, birch trees left when heavy thinnmgs or cuttings 
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tue made m the forest are very likely to succumb to its attack 
In the northern spruce and balsam forests that have been heavdj 
thinned by the spruce budworms, the white birch, left exposec 
to the sunhght by the opemng up of the forest, is now dying 



Questions on Literature 

1 How does the larva of Agnlus differ in appearance from most of the 
other Buprestidffi? 

2 Are there other important pests of hardwood trees, other than oak and 
birch, that are members of the genus Agnlus? K so, what are some of them? 

3 What pecuhanties of habit are characteristic of Agnlus larvee at the 
time of moulting? 

4 Of what does the food of the adult beetles consist? 

5 Does any species of this genus attack coniferous trees? 
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BARK BEETLES 

We now come to the second arbitrary group of cambium 
msects, the bark beetles of the family Ipidse (Scolytidse) They 
comprise a very large family of the Coleoptera. A large pro- 
portion of both the genera and species of this f^ ^ y are repre- 
sented m North America. Each larger gfciiSp^r the family 
has a characteristic manner of workmg, and there is much variar 
tion in the details of the Me cycle of different species even withm 
the genus. Practically all the members of this family are tree 
pests 



Fig 89 — A gallery of the red turpentine beetle, Dendroctonua valena. Note the 
egg nitohes out along the side of the gallery 

General Characteristics. — Certam traits and habits are com- 
mon to all the bark beetles For mstance, all of the true bark 
beetles excavate gaUenes m the cambium region and there 
deposit their eggs. The larvae, that hatch from these eggs, work 
outward in the succulent tissues of the mner bark and cambium 
until they are full grown There they form pupal cells, some- 
times m the outer sapwood, sometimes between the bark and 
wood, and sometimes in the outer bark The pattern formed 
by the tunnels is specific m character (Figs 89, 90). An expert 
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can usually easily identify a species of bark beetle by its work 
alone 

Most of the bark beetles are secondary in character, but a 
few species are important primary pests Some appear to stand 
m the middle ground and are usually secondary, although they 
may occasionally become primary. Only under favorable 



Fig 90 — Tunnels of Ips cdlligraphita in whit(3-pmo bark This typo of 
g^ery , with the central nuptial chamber and radiating gallonos, is ohuractoriatic 
of many of the Ipidae. 

conditions are these intermediate forms able to attack and kill 
hvmg trees. The balsam-fir bark-beetle, Pityokteines sparsus, 
is an example of a bark beetle that appears never to be primary. 
7ps 'piniy Ips perrotij and Pityogenes hopkinsi are usually secondary, 
but, when they occur m excessively large numbers, they may 
occasionally kill a few young trees Undoubtedly, trees are 
occasionally killed by these species. Other species of Ips, 
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articularly some of the western species, are apparently primary 
nd often top-kill trees. 

The group which contains most of the bark beetles that are 
enerally considered to be primary pests of trees, is the genus 
)endroctonus. In the mature and overmature coniferous 
irests of the West, Dendroctonus beetles have destroyed 
mber aggregatmg many million board feet Not all of the 
Decies of this genus can be regarded as being primary because 
)me of them seldom kill trees Examples of these are the red 
irpentme-beetle, Dendroctonus valens, and the black turpentme- 
eetle, Dendroctonus terebrans. Others, hke the Black Hills beetle, 
dendroctonus ponderosoe, the mountam pme-beetle Dendroctonus 
'/)nticol(Bj and the douglas-fir beetle Dendroctonus psudotsugcCj 
ppear to prefer to attack livmg healthy timber 
One of the most important factors that determines the degree 
) which a bark beetle may be primary, is its ability to resist the 
Dw of resin or sap. The more vigorous a tree, the greater will 
e the flow and the more resistant it will be to the attack of 
imbmm borers. Some mseicts, hke the pitch-mass borers and 
bher Aegenidse, are able to hve without di ffi culty m a sticky mass 
' resm. Most of the bark beetles, however, are not so well 
iapted to this mode of life and are easily overwhelmed by 
cudations of healthy trees. These are the non-pnmary species 
he Dendroctonus beetles, on the other hand, are able to with- 
-and a copious flow of resin for a brief period, but if the flow 
intinues they also become overwhelmed Thus a single mdi- 
idual of even the Black Hills beetle, one of the most resin- 
‘sistant species of the genus Dendroctonus, is unable alone to 
.tack a tree successfully To be successful, the beetles must 
iter a tree m large numbers so that the flow of resin or sap is 
iiickly checked by the combined activities of the attackmg 
varm of beetles. 

The Black Hills Beetle. — The Black Hills beetle, Dendroctonus 
onderosce, has been selected as a representative of the important 
mus Dendroctonus. This beetle is decidedly primary in 
laracter and has been responsible for the death of thousands 
* trees in the Black Hills, eastern Wyoming, Colorado, and Utah, 
he adults are stout, black or dark-brown beetles about i^ch 
L length Winter finds the individuals of this insect species in 
rery stage of development from eggs and young larvse to adults 
he eggs are seldom able to winter successfully, but larvae, 
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pupse, or adults are able to hibernate. These overwintering 
forms continue their activities as soon as weather permits in the 
sprmg. Since the individual rate of development varies, even 
in the same locality, owing to differences of temperature and 
other conditions, a decided overlapping of broods results The 
height of adult emergence comes m midsummer. The beetles 
usually attack a tree in large numbers In cases where they have 
attacked m small numbers, they have not been successful 
because of the excessive flow of resm. When a tree is attacked 
by many beetles at the same time, this flow of resin is checked. 
In fact, the trees may sometimes be killed so qmckly that practi- 
cally no resin flow occurs. 

The parent beetles cut long, longitudmal gaUenes m the 
cambium region, called primary or mother galleries. The 
eggs are deposited along the sides of these galleries. The 
young grub-hke larvse work out at right angles to the primary 
gallery, feedmg upon the soft tissues as they proceed until they 
are fully developed Those coming from the eggs deposited 
durmg the first of the season may complete the larval stage and 
transform to pupae, or occasionally to young adults, by the 
autumn of the same year, but most of the larv© pass the wmter 
m the developmental stage and continue their growth the 
foUowmg spring and early summer At the end of the larval 
tunnel a pupal ceU is formed in the inner bark With certam 
other species of Dendroctonus beetles, Dendroctonus brevicorms 
for instance, the pupal cells are formed in the corky layers of the 
outer bark. The habits of pupation play an important part m 
determinmg the details of control, as shown m a later paragraph 
After passing through the pupal stage, the young adults of the 
Black HiUs beetle feed on the inner bark with the result that the 
pupal cells become connected Later, the beetles emerge and 
seek fresh trees in which to oviposit 

This species attacks several species of pine The favorite 
host, however, is the western yellow pme, Pinus 'ponder osa 
The first evidence that a tree has been attacked is the formation 
of pitch tubes at the mouth of the entrance holes These tubes 
are formed by the exudation of resin that the tree pours into the 
burrow and the beetle pushes out of the burrow. Even though 
a tree may be completely girdled by these beetles, the foliage 
remains green until the foUowmg wmter or spring when the 
needles become first pale and then yellowish. Such trees are 
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called “sorrel tops/' Late in the season following infestation, the 
leedles become reddish brown, and the trees are called “red tops ” 
[n the third season the needles fall and the trees become dark 
n color and are then termed “black tops ” The fourth year or 
ater the tops become broken Thus it is possible to determine 
he approximate age of infestation by the appearance of the trees 



’iG 91 — Felling a western yellow pine infested by Dendroctonua hrevLcorma. 

(F P Keen) 

Much work has been done in connection with the control of 
hese and other Dendroctonus beetles. The mechamcal methods 
►f cutting and barkmg infested trees before the emergence of 
he brood have been most frequently applied (Fig 91). With 
hose species that form the pupal cell in the inner bark, like the 
31ack Hills beetle, the removal of the bark is sufficient to destroy 
he brood With species that pupate m the outer bark, however. 
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it is necessary either to burn the bark, or to expose it to the direct 
rays of a hot sun, m order to kill all of the brood (Figs 92 and 93) 


Fig 93 — Burning the bark removed from a tree infested with Bendroctom 
brOTicomie This final step la neoessary m order to kill the insects m the pup 
cells within the bark (F P Keen ) 

The purpose of such control operations is to protect uninfeste 
timber from attack by reducmg the abundance of the beetles t 
a pomt where natural agencies of control can hold them m checl 
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There is some indication from the work of the Bureau of 
Entomology, U. S Department of Agriculture, that uninter- 
rupted logging operations, which provide a continuous supply of 
resh logs to serve as traps for the beetles, may prove a satis- 
actory means of control for the Black Hills beetle. The role 
)f parasites and predators is undoubtedly important in holdmg 
dl Dendroctonus beetles m check, but so httle is known about 
.he exact part they play that they cannot be used in control 
vork The apphcation, therefore, of some of the mechanical 
nethods mentioned above, must be depended upon primarily 
or the control of these msects. In accessible regions, where it is 
Dossible to cut and utihze infested trees, control of these msects 
nay be accomplished almost without expense. In less accessible 
regions, the trees cut are usually a complete loss, because they 
vill be decayed beyond a state of usefulness before logging opera- 
tions will reach them In such instances, the usual custom is to 
Dile and burn the mfested trees that are cut Even though the 
timber treated is a complete loss, if the control operations prevent 
the spread of an outbreak and the resultant death of large areas 
if valuable timber, then a large expenditure is justifiable. 

Questions on Literature 

1 What species of Dendroctonus beetles are of greatest economic impor- 
tance m the southeastern part of the United States, in the northeastern part, 
n the Rocky Mountain region, in the Southwestern States, and on the 
Pacific coast? 

2 Which of the important species pupate m the bark and which pupate m 
jhe cambium region? 

3 How do the tunnels of the important species of these beetles vary ? 

4 What other species of the genus Dendroctonus is very similar in appear- 
mce and habits to the Black Hills beetle? 

5 What relation sometimes exists between outbreaks of defoliators and 
lutbreaks of Dendroctonus beetles? 

6 In what kmd of forests are Dendroctonus outbreaks most common? 

7 Is the spruce-destroymg beetle an important factor in second-growth 
jpruce forests? WTiy? 

8 Describe the method of conducting an extensive beetle-control oper- 
ition 

The Pine Bark-beetle. — For a representative of another 
important group of bark beetles the pine bark-beetle, Ips pim, 
has been selected This is an extremely common species through- 
3ut the eastern half of the Umted States and Canada It is 
normally secondary although it may at times become primary. 
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The life history of the pine bark-beetle is very similar to 
of other species of the genus. The adults of this bark b 
are small, black beetles about 34 inch m length. As is the 
with all the members of the genus, the caudal portion oi 
elytra, called the “declevity,’' is concave and bordered on 
side with spmes This gives the beetle the appearance of hs 
the rear end of the body cut off sharply The beetles a1 
freshly cut or unhealthy pines and, to a lesser extent, sp 
The male excavates a chamber m the inner bark, termec 
“nuptial chamber ” Radiating out from this central chambe 
cut several mother galleries, each occupied by one female 



Fig 94 — Gallenos of the pine bark-bootlo, Ips iuni 

94). The females, m cuttmg their galleries, push the frass 
into the nuptial chamber and the male relays it to the oui 
When the nuptial chamber becomes clogged, the females 
work until it is cleared, or m case of the death of the male, 
cease work entirely. As the mother galleries are extei 
eggs are deposited along the sides m mches These hatch 
the larvae work out m the cambium at right angles to the m 
gallery. When development is completed, a pupal cell is fo 
at the end of each larval mine Here the pupal stage is pj 
The young adults feed for a short time m the inner bark and 
emerge to seek fresh material in which to establish a new ge 
tion In the North there is but one generation of this s] 
during a single season, but in the South there may be as ma 
three, and possibly more, because of the longer and warmer se 
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Control of the pine bark-beetle, and of other species of the 
genus, IS usually unnecessary but occasionally, under some 
circumstances, they may be sufficiently mjunous to require 
protective measures. For instance, durmg the recent years of 
excessive drought m the Southeastern States, much timber 
has been killed by these beetles. In other instances, where 
loggmg IS earned on periodically and not contmuously, beetles 
of this genus, and other bark beetles that normally breed m 
slash, may become temporarily primary and may kiU some hvmg 
timber, particularly seedlmgs and saphngs. 

Because of the danger that secondary insects breeding m 
slash may become temporarily primary, it is always desirable to 
carry on loggmg operations at an approximately uniform rate, 
and on adjacent areas, so that the beetles from the slash on one 
cutting area may be absorbed m the fresh slash on the adjacent 
area If this system is followed, there is httle danger that slash 
insects will be an important factor m most forests. Where 
intermittent or scattered operations are necessary, however, a 
certain amount of loss must be expected, unless the slash is 
cared for m such a way as to reduce the abundance of slash 
insects. The usual methods of slash bummg do not accomplish 
this end, because only the small portions of the waste .material are 
burned The larger pieces, like broken or cuUed logs and stumps, 
offer the beat places for the breedmg of potentially mjunous 
species of insects. Therefore, it is these parts that should be 
cared for, either by barkmg them or by pihng over them the 
finer slash. 

The pine bark-beetle is one of the insects that often causes 
the loosemng of bark on rustic buddmgs Rustic material 
may be protected from this kmd of injury either by careful sun 
curmg, or by treating the bark with some repellant like creosote 
or carbolineum, before it is used for either buildings or furmture 
Questions on Literature 

1 What are some of the common bark beetles that attack the following 
trees hickory, ash, balsam fir, white spruce, hemlock, white cedar, cypress, 
larch, and douglae fir? 

2 What are some of the species of the genus Ips that are important m 
the West, m the South? 

3 What factors usually determine whether an attack of the pine bark- 
beetle will be located high in a tree or near the ground? 

4 What are some of the natural enemies of the pine bark-beetle? 

6. How long do the adult pine bark-beetles live? 



CHAPTER XIII 


CAMBIUM-WOOD INSECTS 

Tho last group of meristem insects are those that attack both 
cambium and wood They are commonly called cambium-wood 
msects For the most part, these msects are pests of dying trees 
and freshly cut logs. In some cases, however, they attack hvmg 
trees 

PESTS OF LIVING TREES 

Some of the outstandmg examples of cambium-wood insects 
that attack living trees are the locust borer, the aspen borer, the 
carpenter moth, the basswood borer, the willow curculio, and the 
leopard moth Space permits of a discussion of only the first 
three of these species Information on other species may be 
secured by consultmg the reading references given m the general 
bibliography. 

All of the insects of this group work in the cambium for a time 
after the larvae hatch and later penetrate mto the wood Their 
work in the menstem is usually of comparatively short duration 
and is generally not sufficiently extensive to result directly m the 
death of the trees As a result of this, the chief injury caused by 
the activities of the insects of this group is a reduction m quahty 
of lumber, or the mechamcal weakenmg of standmg trees, or a 
combmation of weakening and reduction m grade. In addition 
to these direct effects, the cambium-wood msects open the way 
for fungous infection and thus materially hasten decay 

The Locust Borer. — One of the best known examples of cam- 
bmm-wood insects that attack hvmg trees is the locust borer, 
Cyllene robimcSj a member of family Cerambycidse At one 
time the black locust in eastern Umted States was considered 
one of the best trees for posts, poles, and railroad ties because oi 
its rapid growth and the durabihty of locust wood Many 
plantations of this species were set out m Pennsylvama and m the 
Ohio and Mississippi valleys Today, a large proportion of these 
plantations have been abandoned as valueless because of the 
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ravages of the locust borer, and even though the control of this 
insect IS economically possible, the black locust is held in low 
repute as a result of early disappointments. 

The adults of the locust borer are beautiful black beetles, 3^ to 
^ inch m length, with narrow yellow cross-bands on the elyiira 
(Fig 95) The beetles emerge m late summer and autumn. 


They deposit their white eggs in 
clusters of 5 or 6, in cracks and 
crevices, in the rough bark of black 
locust trees. Young trees under 13^ 
to 2 mches in diameter, and older 
trees over 5 to 6 inches in diameter, 
appear to be comparatively unsus- 
ceptible to attack, although if a tree 
IS once infested it remains subject 
to infestation regardless of size. 
Thickness and surface character of 
the bark appear to be the factors 
that determme the susceptibility of 
the tree to attack The bark must 
be suflBlciently old to be rough, but 
must not be so thick that the young 
larvse cannot bore through it. This 
limitation of attack to certain specific 



Fia. 96 — Adult of the locust 
borer, Cyllene rohimcB, enlarged 
about one-third (Bureau of Ento- 
mology, U S DepL Agr ) 


age classes aids greatly in formulatmg plans for the control of 


this msect 


In a short time after they are deposited the eggs hatch, where- 
upon the young larvae cut their way through the bark to the 
cambium. Here they feed until cold weather forces them into 
hibernation. The winter is passed m the larval tunnels. In the 
spiing the larvae continue their work in the cambium for a short 
time before entenng the wood. Examination of infested trees 
wiU readily disclose whether the larvae have entered the wood, or 
whether they are still in the cambium, because while they are 
working in the cambium they cast out of opemngs, through the 
bark, a brown-colored frass, whereas, after they enter the wood, 
they push from their burrows a yellowish colored frass. Through- 
out the life of the larvae an opemng from their burrows to the 
outside IS maintamed, through which the frass is ejected (Fig. 96) 
For a time, the entrance hole serves this purpose but later, as 
convemence demands, other passages are cut to the outside. The 
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larv80, after completing their growth in late July and August, 
excavate cells m the wood in which they transform to the pupal 
stage, and later, in the same season, to the adult. Thus the life 
cycle IS completed in one year 

The control of the locust borer may be accomplished in several 
ways In forest plantations, Craighead has shown that silvi- 
cultural methods may be applied The beetles are sun-lovmg 



Fiq 96 Tunnels of the locust borer, Cyllene robinioB, m black-locust wood 

creatures that dehght to bask m the warm sunlight For this 
reason they congregate upon exposed parts of trees Because of 
this habit, trees growing in such a way that the trunks are shaded 
are immune from attack Even m locahties where the pest is 
extremely abundant, dense stands are free from injuiy If 
borer injury is to be avoided, therefore, either the locust should 
be pknted close enough together so that before the trees reach 
13^ inches m diameter the crowns will meet and form a closed 
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stand, or else the locust should be planted in mixture with other 
trees or shrubs Craighead has also shown that comparatively 
isolated trees may be protected by a surrounding growth of 
shrubbery or by vines chmbing on the trunks. Especial care 
should be used to keep fires out of locust plantations, not only 
because of injury to the trees but also because of its effect m 
kilhng the underbrush. Likewise, grazmg m locust plantations 
should be avoided for the same reason. 

In old plantations of locust that are heavily infested, the best 
course of procedure is to cut and destroy the badly injured trees 
and allow the root suckers to replace them Where this course is 
followed a dense growth of trees that will be practically free of 
injury by the borer will almost certamly be obtained. 

The protection of shade trees is a much more expensive and 
difficult problem It can be accomplished, however, in several 
ways By allowing vines to chmb over the trees, protection from 
the locust borer may be effectively accomphshed. Spraying the 
trees with an arsenical wash of sodium arsemte in mixture with a 
miscible oil has proved effective. In usmg this mixture, one 
pound of sodium arsenite is dissolved m twenty gallons of water, 
to which one gallon of miscible oil is then added. This mixture 
should be sprayed on the trunks and large branches of the infested 
trees in the spring at the time the new growth is starting This 
spray is said to kill the young larvae by penetrating into the 
tunnels They are probably killed by a double action: the oil 
acting as a contact poison and the arsenic as a stomach poison. 
Another method that is effective, though tedious, is to inject 
carbon bisulphide into the burrows of the msect. After injection 
the opening should be closed with mud, or grafting wax, to hold 
m the poisonous fumes Because of labor cost, this method is 
smtable for use only on valuable mdividual trees 

Questions on Literature 

1 Is tho locust borer a native or an introduced pest? What is the 
evidence? 

2 In what parts of the range of the black locust is the borer most abun- 
dant and injurious? 

3 What trees and shrubs would you expect to find growing naturally 
with black locust? 

4 At what age may black locust bo expected to reach a diameter of 
inches? Six inches? Merchantable size? 

6 Why was not the locust borer an important pest in the early days of 
settlement in the Ohio valley? 
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The Aspen Borer. — Another important cambium-wood beetle 
is the aspen or poplar borer, Saperda calcaraia It is distnbuted 
throughout the United States and Canada wherever its host 
trees are found. This insect is mjunous to forest trees both 
(hrectly and indirectly. Duectly it reduces the value of the trees 
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attack by thus insect but, generally, the aspen borer is not a tree 
killer 

This beetle does, perhaps, even more important econonuc 
damage by its mdirect effects than by its direct injury. Other 
mjunous insects are attracted to trees that have been attacked 
by the aspen borer For instance, several Buprestidse, for exam- 
ple, Dicerca 'prolongaia (Fig 98) and Posalonota cyampes, often 
deposit their eggs m the old egg scars of the aspen borer. The 
carpenter moth, PnonoxisUs rohimce, also finds that the scars 
made by the aspen borer offer desirable locations for oviposition 
Thus this beetle may be the indirect cause of other insect injury 
Certain other habits of the aspen borer are conducive to another 
type of secondary injury This msect keeps its tunnels com- 



Fig 98 — An adult beetle of Dicerca prolonoata, resting on a log 

paratively free of frass by pushing this waste material out of 
opemngs through the bark. These open tunnels offer a ready 
means of access deep into the wood for the inoculum of wood- 
rottmg fungi. Pomes ignearius, an important heart-rot that 
causes a large proportion of the defects found m aspen and poplar, 
frequently gams entrance through these openings In some 
regions, it has been shown that a large proportion of heart-rot 
infections have arisen from insect tunnels Thus the aspen borer 
and the carpenter moth are indirectly responsible for a great deal 
of damage which is not ordinarily charged to them. 

The adult aspen beetles are rather large, often over 1 inch m 
length Their color is grey, with yellow markmgs They 
emerge from their pupal cells m late July and August The 
female beetles lay their eggs m slits that they gnaw in the bark 
(Fig 99) The period of mcubation is long, 20 to 25 days bemg 
required for its completion The larvse, as soon as they hatch, 
tunnel through the bark mto the cambium where they feed until 
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overtaken by cold weather. The following spring they enter 
the wood where they spend the remainder of their developmental 
period tunnelmg through the wood (Fig 100) In the autumn, 
when full grown, they hollow out a pupal cell m the sapwood. 
This ceU IS blocked off by a plug of shredded wood from the 
tunnel m which the insect has previously been living. The 



^ B 

Fig 99 The egg sht aoid eggs of the aspen borer A shows a view of tlio egg 
sht as it appears on the surface of the bark B shows the eggs in place in tho 
inner bark {Bureau of Entomology, U» S Dept Agr ) 


Winter is passed in the prepupal stage withm the pupal cell 
Early the followmg s umm er the larvae transform to the pupal 
stage, after 25 to 30 days m that stage, they transform to the 
adult, cut their way to the surface, and emerge Thus the normal 
developmental period is 2 full years. In Colorado, however, at 
elevations ranging from 6,000 to 9,000 feet, this species requires 3 
full years to complete its life cycle In warmer climates, on the 
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ither hand, it is probable that a developmental period shorter 
han the normal is possible 

Because of the fact that infested trees are more attractive to 
he aspen borer than those that are uninfested, the beetles have 
b tendency to concentrate upon certam trees These favontes 
lecome very heavily infested and are sometimes called brood 
,rees.” By cutting and destroying these brood trees m a forest, 
;he possible injury by this pest may be greatly reduced After 
Deiiig cut, the brood trees should either be burned before the 
Deetles emerge, or be spht and ricked up m open piles in such a 
vay that rapid drying and the heat of the sun will kill the beetles 
n the wood 



i|i 
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Fiq 100 — A larva of the aspon borer, Saperda calcarata (Bureau of BntomoLooyf 
U S Dept of Agr ) 


It has been repeatedly observed that slowly-growmg trees 
are always much more susceptible to borer injury than are 
rapidly-growing trees This is doubtless due to the greater 
ability of the fast-growing trees to overgrow wounds and scars 
Such trees have a covenng of smooth, healthy bark and are not 
so attractive as the slower-growing trees Control measures 
for this msect are usually only necessary on the poorer quahty 
sites 

The borer when workmg in mdividual trees may be controlled 
by painting the egg scars with carbolineum This work should 
be done in the autumn after oviposition has been completed 
Both the eggs and young larvse will be killed by this treatment 

Questions on Literature 

1 What other cerambycids are injurious to poplars? 

2 In what regions is the aspen borer most aenous? 

3 How may the males of the aspen borer be distinguished from the 
females? 

4 Does this borer ever attack dead trees? Why? 

5 Does this insect ever attack green logs or pulpwood? 

The Carpenter Moth, — The carpenter moth, Prionoxystus 
Tobimoef is one of the common cambium-wood insects that may 
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well be cited as an example of the lepidopterous members of 
this group It is distributed generally throughout the United 
States and at least the southern part of Canada This insect 
was first described as a pest of black locust, hence its specific 
name, but it also feeds upon a variety of hardwood species. 
Borne of the trees that are frequently attacked by this insect 
are the oaks, elms, and poplars 

The carpenter worm seldom kills trees Most of its work is 
m the solid wood, and only m the early stages of development 
are the larvae cambium eaters. Although this insect does not 
kiU trees, it is, nevertheless, a primary pest and most of its dam- 
age IS done to living trees 

The adults are large gray moths with a wing spread of about 
2H inches They emerge in early summer and deposit their 
eggs on the bark of a host tree. Wounds and scars on the trunk 
or larger branches provide the most attractive places for ovi- 
position. The larvae, which hatch in a couple of weeks from 
these eggs, bore into the cambium where they excavate shallow 
gaUenes. After a brief penod they penetrate into thesapwood 
and heartwood where they spend the rest of their immature life 
(Fig 101) The larvfiB are typical caterpillars m form and pmk- 
ish white m color They cut long windmg galleries in the wood. 
These galleries are kept clear of frass so that the larvae can pass 
freely back and forth in them. In order to secure free passages 
the bonngs are pushed out through holes in the bark These 
holes provide an easy entrance for wood rota, consequently, 
these organisms are frequently associated with the work of the 
carpenter moth 

The length of the larval period has not been definitely deter- 
nuned, but m all probability it vanes with differences in climate, 
as IS the case with most other insects In any case, however, 
several years are usually required for its completion In Cali- 
forma the life cycle requires 3 or possibly 4 years In New York 
state the life cycle is said to be probably 3 years At the end of 
the larval penod, a pupal cell is formed in the wood near the 
surface and, before pupation, a hole is cut almost through the 
bark. The tunnel behind the pupal cell is plugged with shredded 
wood The larvsB then transform to the pupal stage and, later, 
the moths emerge 

Almost all the investigations concerning this insect have been 
confined to their activities on shade trees, and as a result, 
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ilthough in some instances it is an important forest pest, no 
jontrol under forest conditions has been developed In shade 
trees, the msect can be controlled by mjectmg carbon bisulphide 
into the tunnels. Caging the trunk and larger branches of 



Fio 101 — ^Larvee and work of the carpenter worm, Pnonoxystua robrnws, in an 
oak tree iEntomological Branch, Can, Dept, Agr ) 

heavily infested trees to prevent remfestation has been suggested. 
If the moths that emerge withm the cage are killed daily, there 
will be no infestation from withm, and the cage wiH effectively 
exclude moths from without. The cages should be kept on the 
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trees throughout the late spring and early summer when the 
moths are m flight. After the flight season is over, the cage may 
be removed and stored away until the next season After a 
tree has been freed of infestation, cagmg should be continued 
for several years until the wounds made by the borers have been 
completely healed Otherwise reinfestation will be certam to 
occur, m as much as injured trees are very attractive to the 
moths After the bark has completely grown over the wounds, 
the tree wiU be comparatively resistant to infestation. (Burke, 
1921.) 

Questions on Literature 

1 What other apecies of carpenter moths are injurious to forest and shade 
trees? 

2 What are some of the ways m which these insects may injure trees 
indirectly? 

3 In what regions are these pests most abundant? 

4 How soon after emergence do the moths begin oviposition? 

6 How may the larvffi of wood-bonng Lepidoptera be distinguished from 
coleopterous wood-bonng larvm? 

PESTS OF DYING TREES AND LOGS 

Representatives of those species that attack only dying trees 
or freshly cut logs, will now be considered Insects of this group 
are important because of the loss which they cause, in both saw- 
logs and pulpwood, by reducing the grade of the former and the 
volume of the latter, not to mention the indirect injury for which 
they are responsible, through aidmg mfection by wood-rottmg 
fungi Craighead estimates that the loss in grade, due to the 
activities of this class of msects, amounts to about 5 per cent of 
the value of the annual cut The most important of these 
insects belong to the Buprestidse of the Coleoptera or the 
CerambycidsB 

The Flat-headed Borer. — One of the many buprcstids that 
feed on both cambium and wood is the flat-headed borer, Chrysa- 
hothna femorata This insect attacks numerous species of 
forest trees and also a great variety of orchard trees (Fig 102). 
Some of its hosts other than fruit trees are walnut, pecan, hickory, 
poplar, willow, beech, oak, elm, hackberry, sycamore, mountain 
ash, hawthorn, redbud, maple, horse chestnut, basswood, persim- 
mon, and box elder Its hosts are so vaned that it can almost 
be regarded as a general feeder on hardwoods Because of its 
importance as a pest of apple trees, this insect is often called 
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the flat-headed apple-tree borer. Because it is a pest of orchards 
as well as a forest pest, it has received more attention from ento- 
mologists than if its activities had been confined to forest trees 
alone. As a result, its habits are well known, and it will serve 
well as an illustration of the cambium-wood buprestids. 

The flat-headed borer hes m the middle ground between the 
primary and secondary insects It apparently cannot attack 
successfully a vigorous, healthy tree but is able to attack trees 



Fig 102 — Adults and larva) of the flat-headed borer, Chryaobothna femorata 
{Bureau of Entomology ^ U, S Dept of Agr ) 

that are slightly on the declme. The adult females are attracted 
for oviposition not only to the subnormal trees but also to healthy 
trees in sunny locations They very frequently oviposit freely 
upon such trees. The eggs hatch and the young larvte bore mto 
the bark, but they do not enter the cambium while the tree is in a 
thrifty condition. If, however, such trees should, by chance, 
decline in health, the larvae will promptly penetrate mto the 
cambium and kill the tree If, on the other hand, the tree 
remains in good health, the young larvae will remain in the bark 
for at least one year before they succumb to starvation This 
habit has been observed in other species of the same genus, 
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for example Chrysohothris dentipes^ a flat-headed borer of pine. 
When bark-mfested trees are cut, the larvse are then able to 
attack the cambium and later the sapwood; thus they are able 
to complete their normal development m the logs. 

The adults of the flat-headed borer are short, broad, flat, 
beetles about inch long. In color they vary from dark brown 
to black on the top, with grayish spots and bands, while the 
ventral side and the legs are bronze. They emerge from then 
pupal cells m early spring and are then on the wing for about one 
month. The beetles are active only on warm, sunny days. At 
other times they remain quiescent, hidden away beneath bark 
scales or in other suitable places. In warm weather they are 
very active, flying and running about Experiments have shown 
that insects of this genus are very resistant to heat and can 
endure a temperature as high as 52° C without being killed 
The larvae, like the adults, are heat resistant and are able to live 
on the upper side of logs lying m the sun, where no other insect 
hfe can exist 

The female beetles deposit then eggs m crevices in the bark of 
the host trees. These eggs are pale yeUow, flattened, and about 
ii^ch m diameter The young larva, after an incubation 
penod of 15 to 20 days, bores through the under side of the egg 
and into the bark. So far as is known, this habit is true of all 
buprestids. 

The thoracic region of these larvse is greatly enlarged trans- 
versely and flattened dorso-ventrally The head is mvagmated 
into this enlarged thorax so that only the mouth parts protrude 
On casual inspection, the thorax appears to be the head of the 
grub, thus the name flat-headed borer The larvae are helpless 
when removed from their burrow Unless they have convenient 
surfaces against which they can expand the enlarged thorax, they 
are unable to move; therefore it is only in a tunnel that fits their 
bodies perfectly that they can move about. Thus, if a larva 
should cut through some portion of the egg that was not m con- 
tact with the bark, it would be helpless and unable to progress 
further 

If on boring through the bark the larvae find conditions are 
favorable, they will construct broad feeding tunnels m the cam- 
bium and outer sapwood. They grow rapidly and in late summer 
are ready to bore into the sohd sapwood. Here they form their 
pupal cells in which they pass the wmter. In the South the pupal 
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cell is sometimes formed between the bark and wood, but this 
condition has never been observed m the North. The winter is 
passed in the larval stage within the pupal cell and pupation takes 
place early in the foUowmg spring. 

Thrifty trees are not susceptible to this type of borer mjury, 
this species, therefore, is only a pest of overmature, decrepit, or 
dying forest trees The greatest loss occasioned, by this and 
other msects of the genus, is in green forest products and not in 
standmg timber (Fig 103) The tunnels cut m the sapwood 
reduce the grade of the most valuable part of a log, for it is m the 



Fio 103 — Tho work of Chrysobothna dentipea m norway pine This species 
works m a manner very similar to that of C femorata 


periferal portions of a log that the highest-grade, clear lumber is 
produced Logs may be infested either before they are cut, if 
the trees are overmature, or after they are cut, if the trees are left 
lying in the woods during the flight season of the beetles. Injury 
to logs may be prevented by prompt utilization, by floatmg them 
in water, by keeping them wet through use of the sprinkler 
system, or, in warm sunny climates, by the method of sun curing 
previously desenbed In the North, logs that must be left in the 
woods over the growmg season may be covered with brush. If 
they were not infested prior to shadmg, they will not be attacked 
by this borer; if they had been previously infested, the tempera- 
ture within the logs will be so much lowered by shading that the 
rate of larval development will be matenally reduced. 
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Questions on Literature 

1. Wbat other species of the genus Chrysobothns are important forest 
insects? 

2 What factors determine the effectiveness of sun ounng of logs in 
controllmg flat-headed borers? 

3 What parasites attack the flat-headed borer? How effective are they? 

4. What predators help to control this borer? 

6 What influence does the presence of slash in an area have upon the 
abundance of these borers in that area? 

The Small Pine-sawyer. — Numbers of cambium msects refuse 
to attack standing trees until they have been severely injured or 
killed by some other agency. Of these the small pme-sawyer, 
Monochamm sciUellatus, is a good example This secondary 
insect is one of the most common wood-bormg msects in the 



Fig 104 — A small pine-aawyer, Monochamus acutcIlatiLa, emerging from a white- 

pme log 

coniferous forests of the Northeast It infests and reduces the 
value of freshly cut logs, and of trees that have been severely 
injured or killed by fire, or other insects This insect is so abund- 
ant, m most localities, that practically every log or newly killed 
tree that is left m the woods over the summer is almost certam 
to be infested 

The habits and life history of this species are very similar to 
those of other closely related species of Monochamus The 
adult insects are somewhat elongate, cylindrical, black beetles 
about 1 inch long with very long filiform antennae (Fig 104) 
The antennae of the male are twice as long as the body, whereas 
those of the female are only slightly longer than the body The 
adult beetles emerge m sprmg and early summer During the 
flight period they feed upon the green bark of pme twigs Some- 
times, when the beetles are abundant, numerous pme tips may be 
girdled and killed as a result of this feeding activity After 
feeding for a brief period, the beetles deposit their eggs in slits 
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?vhicli they cut, in the bark of logs and recently killed trees, with 
jheir mandibles Oviposition contmues throughout the summer 
reason but it usually reaches its height before midsummer. 

The larvse hatch from the eggs and tunnel at first m the cam- 
oium region. They are legless, cylmdncal, white grubs with 
powerful mandibles. They excavate broad, shallow galleries in 
the cambium, but as they increase in size their cambial galleries 
Qot only mclude, in their 
depth, the green tissues of the 
inner bark but also cut mto 
the surface of the wood (Fig 
105). Later the larvse pene- 
trate into the sapwood and 
sometimes mto the heart- 
wood. When growth is com- 
pleted, the larvse cut a pupal 
cell m the sapwood and trans- 
form to the pupal stage. The 
length of the developmental 
period vanes greatly Under 
favorable conditions of tem- 
perature and moisture, a single 
year is sufficient, but, under 
less favorable conditions, the 
life cycle may require 3 years 
and possibly longer. The 
larvse of this species, bke those 
of the aspen borer and the 
cajpenter moth, always keep 
at least a part of their tunnels 
clear of frass and chips This material is cast out through open- 
ings m the bark. Like the other msects ]UBt mentioned, the pine 
sawyer mamtains ideal conditions for the infection of the log 
with wood rots. These organisms are usually associated with 
Monochamus work. 

This insect tunnels primarily m the penferal layer of a tree or 
log It IS in this layer that the most valuable high-grade wood 
occurs. Thus, m clear logs the msect may reduce the grade of 
lumber, sawed from infested parts, from a select grade to a 
No. 3 grade, this means a reduction m the retail value of the 
best lumber from $50 to $100 per thousand feet at present 



Fig 106 — The broad, subcortical gal- 
lery of the amall pine-sawyer, Monochamus 
acvtdlatus These galleries ore cut during 
the early life of the larvfB before they enter 
the wood 
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pnces Furthermore, by reducing the grade of high-class 
materials, the insect increases the quantity of the already too 
abundant lower grades, thus adding to the problem of lumber sale 
and distribution 

Control of the small pine-sawyer may be accomplished m a 
variety of ways Fire-killed trees should be promptly utilized 
or cut and kept wet with water. Prompt utihzation is the best 
way to handle the borer problem Water storage of freshly 
cut material, either by emponding or by sprmkling, is the next 
best solution. If neither of these methods is feasible, barking 
will prevent infestation by destroymg the necessary green food 
for the young larvae. If the insects have penetrated into the 
wood, however, barking is useless The cost of barking varies 
with conditions of labor and timber, but, in good-sized eastern 
white and red pme, the average cost was approximately 10 cents 
per log, under conditions existmg in 1924. Only high-grade 
logs should be barked. The cost of barkmg a low-grade, knotty 
log IS as much or possibly more than the cost of barking a clear 
log, while the reduction m grade in the low-grade log is practically 
a neghgible quantity On the other hand the saving in grade 
resulting from barking a clear log attacked by the sawyer will 
many tunes over pay for the cost of barking. One serious 
objection to barking saw logs is the fact that barked timber 
has a tendency to check badly, but such injury is infinitesimal 
as compared with that caused by the borers. 

Where no other method of control can be used, experiments 
mdicate that a heavy shade of brush, piled over logs left m the 
woods durmg the summer, wiU afford some protection from this 
insect This cannot be recommended if other methods can be 
used, because of the inferior quality of protection afforded by 
this method. 

Questions on Literature 

1. What IS the most important species of Monochamua in the Southeast? 
The Southwest? The Pacific Northwest? 

2 What specues of Monoohamus are tree killers? 

3. What are the moat important cambium-wood insects of ash, poplar, oak, 
elm, maple, cedar, douglas fir, and cypress? 

4 Under what conditions would one expect the maximum injury by 
cambium-wood insects to logs? 

5 Under what conditions might Monochamus be mjunous to sawed 
lumber? 
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WOOD DESTROYERS 

Although most tree insects require green meristem tissues for 
food, during at least a part of the developmental period, there 
IS an important group which is able to develop from egg to adult 
upon wood alone. The insects of this group are chiefly secondary 
pests attacking forest products, although some of them may at 
times attack and injure standmg green timber Some of the 
wood msects require green wood, for example, the homtails, 
others, hke the ambrosia beetles, work m either green or moist 
wood. The termites and the carpenter ants are not quite so 
exacting m their moisture requirements for they wiU tunnel 
into wood that is moderately dry The powder-post beetles, on 
the other hand, cannot work in wood unless it be thoroughly air 
dried. 

The insects that attack and injure wood may be divided, for 
convenience of discussion, into several groups as follows* 

1 Insects of moist wood 

a Unseasoned-wood msects 
h Moist dead-wood insects 

2 Insects of dry wood 

Various wood-destroying insects will be taken up under these 
headings, but it must be kept clearly in mind that this grouping 
is purely arbitrary, and that moisture content is a relative matter, 
hence, there are species that might be put in either of the two 
groups This absence of a sharp division is especially evident 
between msects attacking moist dead wood and those attacking 
dry wood 

The precedmg paragraphs seem to imply that all wood 
destroyers are msects This is not, however, the case. There 
are a few other groups of animals that are wood borers The 
most important of these are the marme wood borers Because 
their activities are very similar to wood-destroying insects, 
these animals will be included in this chapter. Since they attack 
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only moist dead wood, they will be discussed in a section following 
the Moist Dead-wood Insects 

UNSEASONED-WOOD INSECTS 

The unseasoned-wood insects are those that attack the wood 
of dying trees, or of trees that have been recently killed or freshly 
cut After the wood has been dead or cut for a season or more, 
it is no longer attractive to these insects. This unattractiveness 
of old wood for the green-wood insects is sometimes due to 
changes m the moisture conditions which usually follow cutting, 
but even where moisture conditions apparently continue favor- 
able, the wood after a tune becomes unattractive. This is 
apparently due to changed physical and chemical conditions 
withm the wood What these changes are has never been defi- 
mtely determ med. There is some mdication that unseasoned- 
wood insects may be attracted to freshly killed or cut wood by 
products of fermentation that disappear as the wood seasons, 
or as orgamsms of decay gain a predominant position m the wood. 
The fact that ambrosia beetles are not attracted to wood that 
has been cut for more than a year, even though moisture condi- 
tions are favorable, but are attracted to and attack wine casks 
that contam wme m storage, suggests that, perhaps, the presence 
of an alcohol may determine the places chosen by the beetles 
for their activities Whatever the reason for this attraction, 
the fact remains that insects of this group are only attracted to 
unseasoned wood or to wood which, for some reason, simulates 
conditions found m unseasoned wood 

The Ambrosia Beetles. — Ambrosia beetles, or pinhole borers, 
comprise an mterestmg and important group of unseasoned-wood 
insects, all members of which, with the exception of the genus 
Platypus, belong to the family IpidsB. Although they belong 
to the same family as the bark beetles, their habits are very 
different. These borers are small, dark-colored insects, more or 
less cyhndncal m form They live in moist or freshly cut wood 
into which they cut their tunnels. The entrances of these 
tunnels resemble those of the bark beetles, but, because they 
tunnel mto the wood, the frass which they cast out is light 
colored instead of brown Although they bore into the wood, 
they are not wood eaters, instead, they feed upon a fungus 
growmg on their tunnel walls. This fungus is always associated 
with the ambrosia beetles, each group of beetles having its own 
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specific fungus. Whenever a tree ceases to be suitable for the 
growth of this fungus, the beetles must leave. With them, 
adhermg to their bodies, they unwittmgly carry either the sticky 
spores or perhaps the mycillium. Having sought out a smtable, 
freshly-cut tree or stump they proceed to bore directly mto the 
wood. For a short tune they are without food, but soon the 
spores, which they have brought with them, germinate, givmg 
nse to a new growth of ambrosia fungus. 

This apparent cultivation of its food by an insect has caused 
many observers to ascribe a high degree of mtelhgence to these 
beetles. The facts, however, will not permit crediting too much 
intelligence to these interestmg insects It is nothing more than 
a very mterestmg example of a symbiotic relationship between 
a fungus and an insect The beetle depends upon the fungus 
for food, and the fungus depends upon the insect for transporta- 
tion from an old host to a new one. 

The arrangement of tunnels vanes greatly with different 
species of ambrosia beetles (Fig 106). Some species construct 
simple galleries in which the eggs, larvae, pupae, and adults are 
found livmg together; others construct compound tunnels with 
numerous branches, along the sides of which are constructed 
mches knowm as larval or pupal cradles With such species the 
eggs are deposited m these niches and also the larvae develop and 
pass through the pupal stage m them These larvae are fed by 
the adult beetles who insert plugs of the ambrosia fungus mto 
the cradle entrances In the species where no cradles are formed 
by the adult, or where pupal cells similar in appearance to the 
cradles are formed by the active larvae just previous to pupation, 
the larvae shift for themselves, feedmg upon the ambrosia fungi 
growing on the tunnel walls. 

The ambrosia-beetle colomes are constantly faced with two 
problems The first is the selection of trees m which conditions 
are suitable for the growth of the fungus upon which they feed 
The other is to protect themselves agamst the growth of the 
fungus itself In the event that conditions for the growth of 
the fungus are not right the larvae wiU starve, and the adults will 
be forced to seek other trees. If conditions are favorable for 
the fungus, but the beetles do not multiply rapidly enough to 
consume their food as fast as it grows, the rank growth of the 
fungus may block the tunnels, thus smothering the beetles m 
their food 
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There are numerous species of ambrosia beetles, most of them 
belonging to one of the following genera: (1) Platypus, (2) 
Amsandrus, (3) Xyleborus, (4) Gnathotricus, (5) Pterocyclon, 
(6) Trypodendron, (7) Xyloterinus. Some of them are confined 
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direct result of the specific requirements of their particular 
fungus 

The injury, to logs and recently killed trees, by ambrosia 
beetles results in a decided loss m quality of the lumber and 
other products cut therefrom This type of injury is senous 
in lumber because of the resultant reduction in grade, but it is 
even of greater consequence m other classes of material, for 
example, stave bolts, and wood intended for wagon stock, or 
other special uses. With such materials, pinhole injury may 
render the product valueless 

In certain cases, however, ambrosia-beetle tunnels cannot be 
considered as serious defects In oak flooring, for instance, 
present day style demands a few knots and a few *'worm holes.” 
These defects are said to lend character to a floor, and m some 
high class homes this one time low-grade floonng is now bemg 
used In fact, m some mstances where a grade of floormg free 
of these defects is furnished, small holes are actually burned in 
the wood to imitate the tunnels of the ambrosia beetles In 
most cases, however, beetle tuimels constitute a defect that 
decidedly reduces the value of any forest product so injured. 

Some of the greatest losses occasioned by these msects occur 
in the South An unusually good example of this is found in 
the cypress forests. It is customary to girdle these trees some- 
time previous to feUmg, so that they may dry out sufficiently 
to be floated out of the swamps m which they grow. Between 
the time of girdhng and fellmg, the trees are often attacked and 
rendered almost useless by these beetles. Other Southern tree 
species are often severely mjured before the logs can be manu- 
factured. Throughout the South, where the growmg season is 
long and the number of broods is great, the ambrosia beetles 
present an exceedmgly serious problem They have spelled 
rum to more than one logging venture (Fig. 107) 

In the North, on the other hand, several factors tend to reduce 
the economic importance of these msects. The long wmters 
make possible easy loggmg while the beetles are dormant, this 
eliminates most of the mjury m the woods Furthermore, the 
custom of river driving the logs prevents later attack, m as much 
as logs floatmg m water are too moist to permit the growth of 
the ambrosia fungus. 

The control of the ambrosia beetles is very difficult and 
entails m many instances considerable expense They can. 
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however, be held in check in several ways The prompt sawmg 
of logs followed by kiln drying provides the best and most certain 
protective measure, but, unfortunately, the application of this 
method is frequently out of the question. In general, it may be 
said that rapid seasoning is an important aid in the control of 
these beetles This may be accomplished in large diameter 



Pig 107 — Injury to hickory caused by one of the ambrosia beetles, or pinhole 
borers, Xylehorus xylooraphua (Bureau of Entomology, U S De-pi Agr ) 


stock by barking and piling the logs or bolts in open piles It 
should be borne in mind, however, that barkmg tends to increase 
checking. Wood of small diameter may be dried sufficiently 
by piling m loose piles without barking. 

Where storage space and expense will permit, sun curing is an 
effective means of controllmg these and other wood borers 
It has previously been shown that the subcortical temperature, on 
the upper side of logs exposed to full sunhght, often exceeds the 
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air temperature by thirty degrees or more, and frequently passes 
above the pomt fatal to msects By applying this prmciple, 
Craighead has shown that if logs are placed m the bright sun, 
and are turned every week or two, the insects attacking these 
logs will be destroyed before they have mjured the wood. In 
controUing ambrosia beetles, however, the logs should be turned 
somewhat more frequently than this. By placmg the logs on 
long, slopmg skids, they may be turned with a Tnimmum of 
effort. 

In cases where girdling is necessary before trees can be felled, 
the girdhng should be done in late faU, after the beetle flight is 
over, in order to reduce to the minimum the mjury by ambrosia 
beetles. It bas also been suggested that inferior trees may be 
used as trap trees for these insects, by girdling or fe ll m g them in 
early sprmg, when the beetles are m flight. According to this 
plan, the beetles will be attracted to these logs or girdled trees 
and may be destroyed by placmg the logs or trees m water, or by 
burning them 

One of the best and most effective methods of preventmg 
attack by ambrosia beetles is by the water treatment. As with 
other msects, this may be accomplished in either of the two 
ways already discussed, namely, by sprmklmg or by floatmg in 
water. By mcreasmg the water content m either of these ways 
the beetles are effectively excluded The water treatment does 
not, however, give permanent immumty unless the logs are kept 
in water for a year or more 

Ambrosia-beetle injury is not always confined to freshly cut 
or killed trees Sometimes ambrosia beetles will attack green 
lumber, particularly large dimension stock which dnes slowly 
The danger of this may be greatly reduced by careful pihng, so 
as to provide good circulation of air through and around the 
piles, thus encouraging rapid drymg Absolute protection may 
be obtamed by runmng susceptible materials through a dry kiln. 

Questions on Literature 

1 Which species of ambrosia beetles attack pine? Which attack birch? 

2 Why is ambrosia-beetle injury in the South greater than in the North? 

3 What are the limitations of sun curing as a control for ambrosia 
beetles? 

4 Wliat trees are attacked by members of the genus Platypus? 

6 Where and by whom was the ambrosia studied and determined to be a 
fungus? 
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The Homtails. — Another important group of unseasoned-wood 
borers is the family Sincidse of the order Hymenoptera Like 
the ambrosia beetles, these are green-wood borers and attack 
injured trees or recently cut logs They are very common insects 
and are responsible for greater damage to forest products than is 
usually ascribed to them Although many species are known to 
science, little detailed information concermng their life histories 
and habits is available. They wiU, therefore, be treated more 
briefly here than might otherwise be expected. Unlike the 
ambrosia beetle, the homtaols are for the most part true wood- 
eating insects iXyloiihagous). They work m the sohd wood, 
maintam no opemng to the outside, and are apparently not 
necessarily associated with any fungi One of the largest and 
best known members of this group is said to be an exception to the 
above rule in that it bores only into decaying wood This is the 
species known as the pigeon tremex, Tremex columha 

The homtail adults may be described as thick-waisted wasp- 
like insects. They vary greatly m size; some of them are less 
than inch m length, whereas some are 2 mches long. Black 
IS the predominant color of the family but nearly all species are 
characterized by markings of yellow or orange. At the end of the 
abdomen the female bears a horn-hke ovipositor from which the 
group name is derived. 

The adults of most species fly m spring and early summer 
The females, by means of their long ovipositors, msert their eggs 
mto the sohd wood. This is no mean feat when the flexibihty 
of the ovipositor and the sohdity of the wood, mto which it is 
inserted, are considered. Sometimes a female may get her 
ovipositor wedged mto the wood so that she is unable to extricate 
herself. Such occurrences, however, are not as frequent as 
might be expected. The homtails are particularly abundant 
and especially mjunous m fire-killed forests. The scorched trees 
appear to be particularly attractive to the adults. Trees killed 
by sprmg fires are much more susceptible to injury by these 
insects than are trees killed at other seasons of the year. 

The homtail larvae are white legless grubs (Fig. 108). They 
tunnel through the wood, cuttmg burrbws just large enough for 
their bodies. The wood passes through their digestive tracts 
and is packed behmd them as they advance. The length of the 
larval stage appears to be vanable, even with the same species, 
and depends, apparently, upon conditions of temperature and 
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moisture. With most species the larval stage is completed m 
one or two seasons When growth is completed, the larvse cut 
pupal chambers m the penferal layer of the sapwood. In logs 



Fio 108 — Homtail larva from ft douglae-fir log {Bureau of EntoTnologyt U S 

Dept of Agr,) 


the pupal cells are usually constructed on the upper side so that, 
although the larval work may be distributed throughout the log, 
the majority of the exit holes are usually on top. 
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Water treatment is the best way to prevent injury by these 
msects. In fact, it is about the only effective method to save 
logs except for the obvious one of prompt utilization. These 
borers may continue to work in green lumber sawed from infested 
logs Kiln dr3rmg gives good control m sawed materials The 
same result may be accomplished by raising the temperature of 
the wood above the pomt fatal to the msects, by dipping it in 
hot water. 


MOIST DEAD-WOOD INSECTS 

The insects that injure moist dead wood form another group of 
important pests of forest products. They attack wood that has 
been cut or dead for one year but is still, at least, partially moist 
as a result of contact with the ground or other moist material. 
Insects that work m moist dead wood are usually associated with 
fungi and bacteria These orgamsms apparently help the insects 
by convertmg the comparatively indigestible cellulose or the 
hgmn mto materials that are more easily digested by the insects 
Because of the micro-orgamsms present m it, moist dead wood 
provides more suitable food conditions for its insect inhabitants 
than the green wood of the freshly cut or newly killed tree An 
mdirect proof of this is found m the fact that moist dead wood is 
attacked directly by many msects, whereas very few species can 
gam a hving m the green wood, without either depending upon 
the cambium to carry them through the early stages of larval 
development, as the cambium-wood msects do, or by depending 
for their food upon symbiotic fungi, as do the ambrosia beetles 
The dietetic relationships of these organisms offer a fertile and 
almost virgin field for future investigations. Some of the wood 
borers, hke the carpenter ants, do not obtain their food within 
the wood, but only use their tunnels m the log or tree for a shel- 
tered base from which to conduct foragmg expeditions and for a 
nursery for their young 

The Carpenter Ant. — There are many msects which bore 
m moist dead wood One of these which is very widely dis- 
tributed m the Umted States and Canada is the carpenter ant, 
Camponotus pennsylvamcuSj or its variety ferrugineus The 
carpenter ants are large black ants, sometimes ]4. inch or more in 
length, which build their nests m soft or decaying dead wood, 
and there rear them young well protected from the attack of 
enemies. They are social msects, hvmg together in large colo- 
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rues. These ants do not have as many casts as do the tornntes 
which will be discussed later, nor are they so obviously poly- 
morphic in character, but there is a distinct division of labor 
within the nests. Three casts are recognized: the kings and the 
queens which are the true males and females, and the workers, 
which are sexually undeveloped females. Although the work<*rs 
are all alike in appearance, each has her own work to do. Like 
the honey bee, some of the workers care for the young, others care 
for the queen, while still others collect food 

The life history of the carpenter ant is very interesting. In 
brief, it is as follows: In early summer the young males and 
f(U!ial(‘S l(‘ave the m^st. Being wing(‘d at that time, they fly out 
in all directions SoiiK'tiines the air may be filled with these 
flying ants that hav(‘ em(‘rg(»d simultaneously from many nests. 
This is known as the swarming period, but unlike thc‘ bees, in 
swarming, the young males and females leave th(» n<‘st at llu) 
same time, unatfenchnl by workers. It would be much bott(»r to 
cull this the mating flight, for that is really what it is. 

Shortly aftcT mating, the mal(\s die whil(‘ th<‘ young females 
may (uther b(‘ tak(*n into old established colonu's to replace a 
(lecn^pit (iiiecm, or each may establish a ik'w colony. In th(» 
latt.(»r case*, th<‘ young ciueim seeks out a small cavity in a tre(» or 
piece of tinib(*r and tlu're makes up her brood ccdl by complc'tcdy 
(uiclosmg the cavity, leaving no exit or entrance, Sh(* tlum 
bre^aks off lier wings, for th(*y are no longer of any use to hei 
After sealing herst'lf in, she does not f(‘('d again until Ikt fiist 
brood of young is mature (Wheeder, 1910) Aft.cu' chqxhsiting a 
f(‘W eggs in th(‘ brood c(*ll, she hatches huvu' which ar(' f(‘(l U[)on a 
material secretcxl from h(‘r moutli. The young tlnui eomi)l(d(‘ 
th(M*r larval devcdfipimuit, sjnii their cocoons, pupate^, and em(‘rg(‘ 
as adults, without any other food than that fuini.shed by thc> 
mother from h(‘r own body The ants of th(' fust, brood an* 
workers of very small siz(‘ As soon as 1 hey are inatun‘ they tak(' 
over the work of the nest They cut appro\imal(*ly paralhd, 
eoneentric gallcuies riiiimiig longitudinally tlnough tlu* wood to 
aeeomniodate the <*nlaiging colony and bring tlie organic food, on 
which they live*, into the iiest through op(‘nirigs cut to th(* outside, 
Hornet im(‘S called “windows ” The young woik(u\s feed tlu‘ qu(M‘n 
and car(‘ for the eggs that slu‘ lays and the hirVcC that liatch from 
thes(‘ eggs They f<‘<‘d th<‘ young, aft<‘r tlu* tirst biood, upon 
s(*en‘ti()ns fioin their mouths Tlu* nuises carry both (hi* laivie 
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and pupsB from place to place in the nest, in an effort to keep them 
under the most favorable conditions; also, when the young adults 
are fully developed, they are assisted from the cocoon and treated 
with the greatest consideration. As the colony grows, more 
galleries are cut in order to enlarge the nest. 

Carpenter ants may build then nests in a great variety of 
places They may attack the dead heartwood of living trees, or 
they may hollow out logs, house timbers, or almost any wood 
materials. It has been stated, frequently, that these insects 
only attack decaying wood. This is not entirely true, although 
the origmal attack is usually m a decayed spot In trees having 



Fig 109 — A nest of the carpenter ant, CamporiotuH pennsylvamctts, in a whito- 

oedar log 

hard wood, the work is confined to decayed wood but in trees hav- 
mg soft wood, like cedar, the nests are often constructed in solid 
wood (Fig. 109). The only requirements are that the wood bo 
soft and moist. 

The carpenter ant does its greatest mjury m house timbei*s 
and in standmg trees of soft wood. In northern white cedar, 
Thuja occidentahsy the mjury by these insects is very common; 
m fact, it IS one of the most frequent defects of cedar In some 
locations, at least 20 per cent of the trees that are cut show ant 
mjury. The nests are usually built comparatively near the base 
of the trees, the highest being not much more than eight or ten 
feet above the ground The exact location of a nest can be 
determmed by the position of the “wmdows. ” 
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Much unavoidable loss is occasioned by ant injury to cedar 
It has been estimated that in trees grown on swampy ground there 
IS an average unavoidable loss of about 3 feet from the butt of 
every ant-infested white cedar, whereas on the higher ground the 
average loss is almost 6 feet. A part of this loss is, of course, 
due to butt rot, it is safe to say, however, that an average loss of 
at least 2 feet from the butt of every ant-infested tree is ascnbable 
to ant mjury. 

Control of these insects can be secured m several ways. The 
simplest method is to mject carbon bisulphide, chlorpicnn, or 
some other fumigant mto the nests Ghlorpicrm, however, 
should not be used on hving trees. Buildings should be set upon 
stone or concrete foundations so that the timbers will be kept dry 
Under such conditions, they will not usually provide favorable 
nestmg places for these insects. In the forest, the ants gam 
entrance to the trees only through mjuries Fire scars, ax 
marks, and other surface injuries should be eliminated as far as 
possible in order to prevent both wood rots and the entrance of 
ants. 

Questions on Literature 

1 Are there any ants other than Campo7wtu>i penmyhani.cm that are wood 
borers? 

2. In what locations is injury to buddings by the carpenter ant most 
common? 

3 Is the carpenter ant in any way beneficial? 

4. What IS the relationship between the carpenter ant and wood-rotting 
organisms? 

6 How long may a colony maintain itself? 

The Parandra Borer. — Another insect that is a frequent pest 
of wood that is not too dry is the parandra borer, Parandra 
brunnece This pest belongs to the family Spondilidie which is 
closely related to the Cerambycidse It is widely distributed, 
probably occurring m all the parts of the United States and 
Canada that are wooded with hardwood trees The larvse are 
elongate, cyhndncal grubs very much like the round-headed 
borers m appearance The adults are glossy, chestnut-brown 
beetles about mch m length. 

This borer attacks posts, poles, and the dead hcartwood of 
standing trees of many different species of hardwoods They are 
found so frequently in chestnut trees that they have been called 
the chestnut pole borers Even though this insect attacks living 
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trees, it cannot be regarded as a primary species because it can 
only gam entrance to such trees through wounds, and then 
usually only works in the dead heartwood. Thus a tree is in 
very httle danger of injury by this insect as long as it is in a 
healthy, vigorous condition. The parandra borer is usually 
associated with organisms of decay. It usually confines its 
activities to the lower parts of tree trunks or to the portion of a 
post or pole near the ground Ime 

The adults emerge in late July and during August and soon 
thereafter begm their oviposition The females place their eggs 
in mches cut mto the surface of dead wood or m the walls of old 
gallenes. One egg is laid in each mche. In from 2 to 3 weeks the 
young larvae hatch, whereupon they take up their labors as wood 
borers They tunnel through the heartwood and to a lesser 
degree m the sapwood makmg irregular tortuous galleries that 
may be several feet m length As they progress through the 
wood, they pack the frass and sawdust behind them m the gallery 
Many larvae usually work together in a hmited area, with the 
result that the entire heart of the tree or pole, at the point 
attacked, may be hollowed out. It is not usually very long after 
a tree or pole is attacked until orgamsms of decay join the 
parandra borer m its nefanous work, after which they work 
together until the tree or pole becomes so weakened that it 
breaks off at the point of attack It is probable that the larvae 
require at least 3 years for their full development. When the 
larvae are full grown, they hollow out pupal cells in the wood 
where they transform to pupae and later to adults The adults 
cut their way to the outside. 

The attack of this msect upon poles and posts can be prevented, 
at least in part, by treatmg the butt ends with creosote The 
treatment, if it is to be effective, should extend a foot or more 
above the ground When a pole is once attacked, it is practically 
impossible to free it of these insects. In standing trees, likewise, 
the best control is prevention Avoid wounds of any kind, for 
it is only in such places that the pest can gam a foothold Valu- 
able shade or orchard trees that are infested may be treated 
successfully by surgical methods If the infested parts are 
carefully cut out, and the resulting cavity properly filled with 
concrete or asphalt, the injury can be checked. Surgical work 
of this kind is expensive and, unless carefully done, may prove 
worse than useless 



WOOD DESTROYERS 


229 


QuestionB on Literature 

1. How may the members of the family SpondihdiE be distinguished from 
their close relatives the Cerambycidaj? 

2 How long will a pole well treated with creosote be immune to the attack 
of the parandra borer? 

3 Is there any evidence to indicate that any food relationship exists 
between the parandra borer and the wood-rotting fungi with which it is 
associated? 

4 In what parts of North America is the parandra borer most senous as a 
pest? 

6 How should branches be pruned and wounds on shade and orchard 
trees be treated to prevent parandra infestation? 

MARINE WOOD BORERS 

The wood-bonng insects are so numerous, and their work is so 
conspicuous and so famihar to everyone, that we are sometimes 
prone to think only of insects when we consider wood-bonng 
organisms. As a matter of fact, however, wood provides food 
or shelter for many other forms of hfe Among the most impor- 
tant of these, from the economic standpomt, are the marine 
borers. In the stnctest interpretation of the scope of Forest 
Entomology these organisms would be excluded, but m as much 
as they are often thought to be insects by the layman, and in 
as much as they are responsible for tremendous losses wherever 
wood IS used m salt water, it seems appropriate that, at least, 
a bnef discussion of them should be mcluded here. The most 
destructive of the marme wood borers are the bi-valve mollusks 
called “ship worms ’ ' Much damage also results from the activities 
of several genera of marine crustaceans called “wood lice ” The 
most common genus of these crustaceans is Limnoria. Each of 
these will be considered in turn 

The Shipworms. — The shipworms, Bankia and Teredo, have 
been known to maritime peoples since the dawn of history and 
have been studied periodically from earliest times When we 
consider the time that has been spent upon the study of these 
creatures by investigators in centuries past, it is surprising that 
we know so little about them The imperfect state of our knowl- 
edge concerning this group is emphasized by the statement of 
Bartsch, published in 1922, to the effect that . . the com- 
plete life history of not a single species is known today ” It is 
not surprising, therefore, that methods used in the control of these 
pests are not entirely successful In recent years, the shipworms 
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have become increasingly mjurious on the Pacific coast and noT 
a concerted effort is being made to solve this serious problem 

In the past, it was thought that there were only a few specie, 
of shipworms and that these were practically universal in thei 
distribution. It has now been shown that many species exis 
and that, for the most part, each one is defimtely limited geo- 
graphically, just as terrestrial organisms are hmited to definite 
ranges by ecological factors. Bartsch, in his “Monograph o 
Amencan Shipworms, ” lists 30 distmct species that inhabit the 
waters of the Western Hemisphere. 

Shipworms attack all kinds of wood. Very hard woods arc 
somewhat resistant but are by no means immune to attack. It ic 
said that very soft, porous woods, like palmetto, are not very 
attractive to shipworms but nevertheless they are attacked. In 
fact, shipworms will attack any wood that is submerged in salt 
water. The greatest damage is done to piling The replace- 
ment cost of pilmg destroyed annually by these animals is 
tremendous The following table will give some idea of the 
rapid destruction of pilmg that may occur in warm salt water. 

Life of Pine Piling in Different Localities* 



Length of life in months 

Locality 




Average 

I Mimniuni 

Colon, Panama 

10 


Norfolk, Va 

60 

12 

Newport News, Va 

24 


Hampton Roads, Va 

18 


St. Andrews, Fla 

30 


Pensacola, Fla 

30 

12 

Fort Morgan, Ala 


12 

West Pascagoula, Miss 

30 

12 

Texas Qty, Tex 

12 

1 

Galveston, Tex 

18 

6 

Aransas Pass, Tex 

12 

3 

Puget Sound, Wash 

12 


Klawak, Alaska 

30 

18 


♦Smith, U S Dept Agr , Forest Service, Cir 128 


As will be seen upon examining the above table, the injury by 
shipworms is greater m warm water than it is in cold On the 
Atlantic coast the pest is not senous north of the Chesapeake Bay, 
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although some species are able to live as far north as the Marne 
coast. On the Pacific coast the warm waters of the Japan cur- 
rent make conditions favorable for them as far north as Alaska 
Temperature, however, is not the only himtmg factor in the life 
of these ammals. Salmity of the water m which they are hvmg 
has a decided influence upon them Fresh water is decidedly 
detrimental, this probably explains the comparatively long life 
of pilmg at Norfolk, Va 

The shipworms in early life are free-swimmmg organisms and 
are provided with a bi- valve shell After certain stages have been 
passed m the water, the young moUusks attach themselves to 



Fig 110 — The woik of shipworma in a douglas-fir pile Tho wood has boon 
almost completely destroyed by tho burrows of these animals (Umv&ntUy of 
Minnesota ) 

submerged wood. They bore into the wood leaving very small 
opemngs to the outside. Under favorable developmental 
conditions a pile may be attacked by thousands of these tmy 
creatures. Once mside the wood they grow rapidly and enlarge 
the tunnel to suit their mcreased size. The shell is used as a 
bonng tool and is no longer needed for protection of the body 
The ammal, m its burrow, is elongate and soft bodied, with the 
small chisel-like shell at the anterior end of the body and, at the 
posterior end, two tubes which are the exhalent and mhalent 
siphons Some of the larger species of shipworms may attam a 
length of 4 feet, under favorable conditions, while other species 
may never exceed 5 inches m length As the shipworm develops 
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within its tunnel, it secretes a calcareous, shell-like material 
which is used to line the burrow (Fig. 110). This shell-hke 
lining is thicker in soft porous woods and thinner in harder woods 
Considerable diversity of opinion has been expressed con- 
cerning the food of the shipworms. Some authonties maintain 
that the wood passes unchanged through their digestive tract, 
and that their entire food consists of plancton drawn in through 
the mhalent siphon. Recent work by several mvestigators has 
demonstrated, however, that this is not true. Although plancton 
probably forms a considerable part of the shipworm^s diet, 
recent workers have shown that 80 per cent of the cellulose, and 
from 15 to 56 per cent of the hemicelluloses, contained m a 
douglas-fir pile were lost durmg the passage of the wood through 
the digestive tract of Teredo navahs. Furthermore, the propor- 
tion of reducmg sugars was much higher m the caecum of Bankia 
setacea than in the ongmal wood (Dove and Miller, 1923; and 
Miller and Bo 3 rQton, 1926). From these observations, wo must 
conclude that at least a part of the wood that passes through the 
digestive tract of these animals is digested and assimilated 
Due to the fact that the entrance hole into the wood is very 
small and mconspicuous, there is usually little mdication exter- 
nally of the presence of the borers More than one-half of the 
volume of a pile might easily be destroyed without any evidence 
of mjury being apparent on the surface Only by cutting into 
the pile can its condition be ascertained The portion of a pile 

that IS most susceptible to shipworm mjury is that between mean 
tidewater mark and about 4 feet below low water. The entrance 
holes are usually m this portion of the pile, although the active 
bormg may be several feet above or below the point of entry 
Control of shipworms is, theoretically, a simple matter, but, 
practically, it is anything but simple Protectmg the susceptible 
parts of pihng with any sort of covering will prevent the attack 
of these pests Metal sheathing of copper, iron, or any other 
metal is effective, but expensive, and not very durable owing to 
the corrodmg action of salt water. Cement casmgs of vaiious 
kmds have been suggested and experimented with, but have 
not proved satisfactory because of cracks that are almost certain 
to develop as the result of expansion and contraction, or of wave 
action, or the battering of driftwood Likewise, coatings of tar, 
asphalt, pitch, and other similar materials give protection while 
they remam mtact, but a single blow from a piece of floating 
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debris may easily open the way for infestation. Unbarked piling 
IS not susceptible to shipworm attack while the bark remams 
intact, but it is next to impossible to find a stick with no break in 
the bark The success of all these mechamcal-bamer methods 
of protection depends upon the maintamence of an unbroken 
covering The smallest break in the protective covering opens 
the wood to an attack which may easily result in the complete 
destruction of the pile. The only really successful method of 
protectmg pilmg agamst shipworms, that has been developed so 
far, IS impregnation with creosote. Surface treatment is not 
sufficient Only by pressure treatments, or by alternate hot-and- 
cold-bath treatment, can the wood be sufficiently impregnated to 
resist attack. Satisfactory impregnation is impossible to obtam 
with dense hard woods, therefore only pine, douglas fir, or other 
porous soft woods should be used. 

Movable structures and boats may be protected by an 
unbroken covering of paint When borers have gained entrance 
into wooden vessels they can be killed by running the boats into 
fresh water 

Questions on Literature 

1 Are wooden boats nn important factor in carrying shipworms from 
place to place? 

2 Why are not all species of shipworms generally distributed throughout 
the oceans of the world? 

3 Wliat other animals are closely related to the shipworms? 

4 How and where aio the eggs of the shipworms fertihzed? 

5 What environmental changes may result m fluctuations of shipworm 
abundance in ceitain harbors? 

The Wood Louse. — The wood louse, Limnoria, is another of 
the marine borers that does considerable damage along the 
Atlantic coast (Fig 111 ) It is confined to clear salt water 
and cannot endure fresh or turbid water Its temperature 
range is much greater than that of the shipworms and, as a result 
of this, it 16 found much farther north. It is very common along 
the New England coast and in the Bay of Fundy 

The wood louse is a crustacean only about inch in length 
and suggests in form a very small sow bug. Limnona is gre- 
garious and attacks piling and other structures m large numbers, 
usually near low- water mark As a general rule, the greater 
the difference between high and low tide, the greater will be the 
vertical distribution of these organisms 
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Limnona finds both food and shelter in the wood that it attacks 
Each individual gallery is short, about 14 mch in length, and 
penetrates du-ectly into the wood When large numbers attack 
a pile, their tunnels almost touch so that the thin walls between 
them are quickly worn away by wave action, leaving a new sur- 
face of wood ready for reinfestation. The progress of this injury 
18 slower but more easily seen than the work of the shipworms 



Fig ill —Work of the woodlouse, Lvmnona ap Each hole is the burrow of aii 
individual crustaooan 

Heavily infested pilmg may lose an inch a year in diameter as 
a result of Limnona attack. The control of Limnona may bo 
accomphshed by impregnatmg with creosote wood exposed to 
salt water. 

Questions on Literature 

1 Descnbe the hfe cycle of the wood louse 

2 la the wood louae found in other parts of the world than nlonir the 

Atlantic coast? “ 

3 How do the adult wood hoc differ from the immature forma? 

4 In what way are the wood hce earned from one locality to another? 

6. Do wood hce have any important natural enemies? 


DRY-WOOD INSECTS 

In the preceding sections of this chapter, only those insects 
and other animals that attack and mgure moist wood have 
been studied Now we come to a group of insects that attack 
sound, dry wood. There are, comparatively, few groups of 
insects that are able to live throughout their entire developmental 
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period in this medium. It has been a constant quandary to 
entomologists how any msect could digest dry, sterile wood 
That some species are able to do so could not be denied, m view of 
the mcontestible proof that a number of msects spend their 
entire developmental penod in a medium which contains prac- 
tically no micro-orgamsms or living cells of any sort. Recent 
investigations have made clear how this is accomphshed, by 
demonstratmg that at least some of the dry-wood insects have 
within their digestive tracts certain micro-organisms which are 
able to digest dry wood, and convert it mto a form that can be 
used by the insect Without these orgamsms that comprise 
the intestinal flora, the insect would be unable to utilize the wood 
eaten. Thus, with the dry-wood msects, there is a symbiotic 
relationship with the orgamsms of the digestive tract which is 
fundamentally similar to the symbiotic relationship that exists 
between the moist-wood msects and the other organisms hvmg 
in the wood. 

Whether or not this relationship exists m the case of all dry- 
wood msects we cannot say, until the matter has received much 
more investigation, but, at present, it seems likely that it may 
prove to be the usual thing. In the case of termites, it has been 
demonstrated conclusively. 

The Termites. — The white ants or termites are very destruc- 
tive wood-bormg msects. The name ant, as apphed to this 
group, IS a misnomer because these insects are not really ants 
but are members of the order Isoptera (Fig 112) The termites 
arc, perhaps, the most destructive of all wood-boring msects m 
tropical regions In temperate lands, however, they are much 
less numerous and destructive than in the tropics, but they may 
occasionally be serious pests as far north as the Canadian 
boundary The latitude of Washington, D. C , marks the 
northern limit of the range m which they are commonly important 
pests 

The termites are social insects hvmg together in large colonies. 
They build their nests m hvmg or dead trees, stumps, and m 
the timbers of wooden structures Some species may construct 
their nests in the ground and extend their tunnels mto near-by 
wood Because they require moisture for satisfactory develop- 
ment, their nests are usually near or beneath the ground level. 
From these subterianean nests they extend their passages mto 
any trees or adjacent wooden structures above ground Wooden 
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buildings that are in direct contact with the soil are particularly 
susceptible to infestation, but where termites are abundant they 
will sometimes gain entrance to structures that rest on stone or 
concrete foundations. The termites are all negatively photo- 
tropic, shunmng hght They also avoid exposure to the drying 
influence of the open air Whenever possible, they pass from 



1 2 

Fia 112 Adult termites greatly enlarged 1 Gravid female with sogmoiits 
distended 2 Worker (^Bureau of Entomology, U S Dept Agr ) 

place to place through galleries that they cut m wood When 
their way is blocked by some hard substance, like stone or con- 
crete, through which they cannot tunnel, they sometimes build 
covered passages of earth and wood pulp over the outside of 
such obstructions, in order that they may pass without being 
exposed to either hght or dry air It is only by using these 
covered passages that the termites can gam access to buildings 
restmg upon stone foundations 
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There are many species of termites, and each one has its 
individual differences m charactenstics and habits. In general, 
however, they are quite similar. For the sake of brevity, only 
those general features of the life cycle and habits that are charac- 
tenstic of all species, wiU be discussed here. More detailed 
mformation conoermng mdividual species may be had by refer- 
nng to hterature cited m the bibliography. 

The mhabitants of a termite nest are pol3unorphio and are good 
illustrations of speciahzation m connection with division of labor. 
Every nest contains the true males and females as well as the 



Fig 113 — Wingod tormite adults, Reticulotermes virgxmcua, {Bureau of 
Entomology, U, S, Dept, Agr ) 


sexually imperfect workers and soldiers The sexual forms 
provide for the multiplication of the species; the workers care for 
the young, enlarge the nest, and perform other daily duties in 
connection with the provision of food and shelter for the colony; 
the group called “the soldiers” have for their duty the protection 
of the colony from attack by its enemies. 

The termites are somewhat ant-like in appearance. They are 
white or light yellow m color, as might be expected of insects 
that live continually m the dark. Only the true males and 
females arc winged (Fig 113) The young males and females 
arc larger than the othci members of the colony, except the 
laying queen which is exceedingly large In some species, where 
the workcra are not more than mch in length, the queen may 
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be 2 or more mches long. The workers are small and wmglesi 
but otherwise they are similar to the sexual forms. The soldiers 
on the other hand, show marked morphological differences froir 
the other casts, particularly m the development of head anc 
mandibles. Although they are but httle larger than the workers 
they are armed with large, strong mandibles thus making their 
formidable warriors. 

In most groups the sexually perfect individuals, called longs’’ 
and ''queens,” are wmged. At certain periods these males and 



Fig 114 — Galleries of termites m wood* {Bureau of Entomolooy, U S Dept 

Agr) 

females, after leaving the nest, mate and then establish new 
colomes The queen then loses her wmgs and becomes httle 
more than a machme to produce eggs Her abdomen becomes 
distended with the eggs contained therein until she reaches such 
proportions that she cannot move. For the remainder of her 
life she IS dependent for all her needs upon her attendant workers. 
The workers also care for the eggs and the young, as the colony 
mcreases, they also enlarge the nest and extend the tunnels. 

In the tropics, the problem of protecting buildings from termite 
attack IS exceedingly important In fact, unless adequate 
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provision for this protection is made, a wooden structure has an 
extremely short life. In unprotected buildings, these insects may 
work throughout the timbers until, finally, the structure will 
collapse (Fig 114). Even furmture or books in an infested build- 
ing are often attacked. A table, if left standing m one place for 
some time, may be infested and destroyed by way of tunnels 
extendmg from the floor below. Books and other printed matter, 
especially when such materials are stored m basements, are likely 
to be destroyed by these msects. 

In termite control, as m the control of most insects, prevention 
is much more effective than cure No part of a wooden buildmg 
in termite-infested localities should rest directly on the ground 
Every part should rest upon a stone or concrete foundation The 
termites can only gain entrance to such buildings by bridging 
over the foundation with the covered passages referred to above. 
If these passages are destroyed as soon as they appear, the 
building will be safe from attack Wood treated with creosote 
is comparatively immune to ternute attack; consequently, wood 
in contact with the ground should always be so treated, m 
regions where ternutes are abundant. Some species of tropical 
woods, greenheart and mahogany for example, are relatively 
immune. The use of these immune species is obviously desirable 
whenever they are obtamable, but, unfortunately, the supply is 
too limited for general use. One native wood, redwood, is 
decidedly resistant to termites 

Under certam conditions, it may be necessary to destroy 
termite nests. This may be accomplished by fumigation, one 
of the materials most generally recommended for this work is 
carbon bisulphide. This volatile hquid may be injected into the 
nest after which the opemng to the outside should be sealed 
This chemical is inflammable and highly explosive; for this 
reason it should be used with extreme care. Recent work has 
shown that other materials may be used just as effectively as, 
and in some instances more effectively than, carbon bisulphide 
Cyanogen gas produced by the decomposition of calcium, 
sodium, or potassium cyamde has been used effectively. One 
satisfactory method of applying this material is to blow a dust of 
calcium cyamde mto the nest Calcium cyanide decomposing, 
as it does, on exposure to the air, hberates cyanogen gas with 
destructive results to the termites Liquid cyamde has also 
been used effectively Chlorpicrm, one of the materials used for 
a trench gas m the World War, has been used recently as a 
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fumigant for certam insects and should prove effective m destr< 
mg white-ant nests. It has several distmct advantages o 
both cyanide and carbon bisulphide; and although it is a v< 
poisonous gas, it is so irritatmg to the mucous membranes 
the nose and eyes that no person is likely to stay m a place wh 
even a small quantity of chlorpicrin is in the air Thus, it 
safer to use than either of the other above-mentioned materi 
because it waves its own red flag of warmng 

Questions on Literature 

1 What species of termites are injurious on the Atlantic coast? 

2 Do these insects have complete or incomplete metamorphosis? 

3 Why are these insects more injurious in the tropics than in temper 
regions? 

4 Is there any danger that new injurious termites may be accidonti 
introduced into the Umted States from foreign lands? 

6. What materials, other than creosote, have been recommended 
protect wood against termites ? 

The Powder-post Beetles. — The name “powder-post beetl 
is applied to representatives of several small families of i 
Coleoptera that feed upon dry wood The two families tl 
contam most of the powder-post species are the Bostrychr 
and the Lyctidse. In America, the species of the genus Lyci 
are the most common insects of this group. Lyctus plamcoh 
Lyctus parallelopipedus, and Lyctus camcolhs are three comm 
species of these beetles. 

The beetles of this group are called “powder-post beetle 
because of their effect upon the wood m which they work Th 
may reduce the entire interior of a piece of wood to a fine, floi 
like powder, leaving only the extenor shell mtact These beet 
are pests of the sapwood of broad-leaved trees Wood of oal 
hickories, ash, and poplars are frequently injured Since t 
heartwood is immune, the mjury is always confined to the sa 
wood 

The powder-post beetles feed only in dry, well-seasoned woe 
As a rule, a fuU year of air drymg is reqmred before the wO' 
becomes suitable to the taste of these beetles, although sm. 
pieces may dry out more rapidly and become susceptible 
attack m eight months after cuttmg Kihi-dned material 
susceptible to attack as soon as it leaves the kiln 

One full year is required to complete the life cycle of the 
insects The adult beetles emerge m the early spring, and it is 
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that time that the injurious work of these pests is most likely to 
be noticed It is not at all uncommon dunng the spring months 
for dealers m such hardwood products as handles and wagon or 
automobile stock to discover that they have been harboring, 
unaware of their presence, these unwelcome guests (Fig 115) 
Sometimes, when infestation is severe, a merchant's entire 
supply of axe and shovel handles may be destroyed before he 
resizes that the insects are present. Occasionally, infested 



Fia 115 — A hickory shovel handle destroyed by powder-post booties 


flooring may be laid and finished without anyone's realizmg that 
the wood IS not perfectly sound, and it is not until the beetles 
emerge m the sprmg that their presence is recognized Even 
furmture may be infested. When this occurs it usually happens 
before the wood has been fimshed Until they emerge as adults 
there is often no sign of the mfestation Then the wood may 
be peppered with the small, round, exit holes which the beetles 
have cut to the outside Fine, powdery borings, previous to or 
at the time of emergence, is another indication of mfestation 
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During the brief period of flight m the spring, mating takes 
place and the females seek out suitable places for oviposition 
The eggs of the lyctus powder-post beetles are laid m pores of 
the sapwood (Fig. 116). When the young larva hatch from these 
eggs they finrl themselves in a desirable location and immediately 
proceed to make the best of their opportumties Them first 
meal consists of the remains of the eggs from which they hatched, 
but from then on they must find sustenance m the solid, dry 
wood The larva cut irregular winding galleries m the wood 
As they progress, they pack the finely pulverized frass behind 
them m the tunnel The winter is passed in the larval stage 



Fia 116 — An egg of a lyctus beetle inserted m a sapwood pore {Bureau of 
Entomology, U S Dept Agr) 


In early spring the transformation, first to pupse and next to 
adults, takes place withm the w6od The adult beetles then cut 
their way to the outside m order to emerge 

Prevention is the keynote of powder-post-beetle control 
because after wood is once infested by these insects it is usually 
fit for nothing more than firewood. In lumber yards and manu- 
facturmg plants, where large quantities of hardwood stock must 
be kept on hand, thorough inspection of wood more than one 
year old should be made annually for the purpose of eliminating 
any stock that may have become infected The best time for 
inspection is m the wmter months Infestation is usually indi- 
cated by small quantities of fine bormgs that sift out of infested 
pieces Infested pieces break easily, exposmg the powder-filled 
tunnels to view 
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In order to simplify inspection, heartwood and sapwood 
stock should not be piled m one pile The heartwood is not 
susceptible and need not be mspected, hence separate piles of sap- 
wood and heartwood would reduce the labor of inspection. Wood 
in storage should also be classified accordmg to age because the 
oldest wood is most hkely to be infested. All new stock should 
be carefully inspected to prevent mtroducmg the beetle mto 
umnfested sheds and storehouses Any suspicious material 
should be kept under observation for several months. 



Fio 117 — A piece of wood in which the unpamted portion was attacked by 
powder-post beetles while the painted and varnished portions, behind the knife, 
remained unattaoked {Bureau of Entomology, U S Dept Agr ) 


Rapid utilization will greatly reduce the chance of infestation 
m storage sheds in as much as wood that is less than a year old 
IS never a menace. Wood kept on hand for several years is likely 
to become a great danger if it becomes infested Wood-working 
industries should always utilize first the oldest stock on hand. 
All waste sapwood should be burned or hauled away from wood- 
working establishments' under no circumstances should it be 
allowed to accumulate or else powder-post beetles may become 
established in these waste piles and from there infest the stock 
piles 
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Ordinarily the safest course of procedure in dealing with infeste 
material is to burn it. Sometimes, however, a part of the stoc 
that has not been too heavily mjured may be saved if the msec 
workmg in it can be killed To accomphsh this, the dippmg ( 
infested wood m kerosene or m orthodichlor benzene has bee 
recommended Repeated apphcations of either of these materia 
to infested wood, by means of a brush or a spray, will kiU tl 
insects Both of these matenals will evaporate leaving the woo 
unstamed Dippmg m a mixture of hot kerosene and creosoi 
has also been recommended. This, however, discolors the woo( 
In using hot inflammable oils such as kerosene, it shoidd be bon 
m mmd that to heat liquids of this sort over an open flame is 1 
mvite disaster, smce a fire or an explosion is almost certam to 1 
the result Inflammable oils should always be heated by stea] 
cods arranged m the bottom of the dippmg vat. 

One of the most effective means of protectmg susceptib 
wood from the attacks of powder-post beetles is by treatmei 
with boiled linseed oil, varnish, or paint (Fig. 117) It will 1 
remembered that the lyctus powder-post beetles deposit the 
eggs only in open pores of wood Treatment with any of tl 
matenals above mentioned will close the pores and prevent ov 
position by the beetles In many lumber yards it is customai 
to pamt the ends of hardwood lumber to prevent checking Th 
treatment also protects the wood against end attack by powde 
post beetles. It does not, however, prevent side attack. 

Questions on Literature 

1. What powder-post beetles are common pests in European countnes? 

2. Have any European species been introduced into America? 

3 Are there any powder-post beetles that attack comfers? 

4 What close relatives of the powder-post beetles attack moist wood? 

5 What other famihea of beetles in addition to the Boatrychidaj ai 
LyctidflB attELck dry wood? 



CHAPTER XV 


SAP-SUCKING INSECTS 

All of the insects discussed in the preceding sections feed upon 
the tissues of trees by ingesting the sohd parts. All of them have 
mandibulate mouth parts In addition to these chewing insects, 
there is a large and important group the species of which hve 
upon sap. Their mouth parts are of the sucking type in which 
the mandibles and maxillfie have become slender, bnstle-hke 
organs enclosed in a sheath, the labium This forms a beak which 
IS used for the purpose of piercing tissues and sucking the juices 
therefrom. The sucking insects that attack trees belong to two 
orders, the Hemiptera and the Homoptera Both of these orders 
contam families that are exclusively phytophagous 

The effect of sucking msects upon trees is much less conspicuous 
than IS the effect of defohators, meristem insects, or wood borers 
The msects of this group seldom kill trees directly, but they may, 
nevertheless, have a distinctly mjurious effect upon the forest 
Because their work is not conspicuous, most of the suckmg insects 
of forest trees have received comparatively httle consideration 
On orchard and shade trees, on the other hand, they are acknowl- 
edged to be exceedmgly important enemies As the intensity of 
forest management increases, the importance of these species in 
the forest will doubtless receive mcreasmg recognition, for, 
unquestionably, the sucking msects do as much actual damage to 
forest trees as they do to orchard and shade trees 

Suckmg msects may mjure plants m two ways* First, directly 
by suckmg the sap and thus robbing the plant of a part of its 
supply of food and water, and second, indirectly by disseminatmg 
plant diseases It has been shown m the case of woody shrubs, 
such as raspberry, and also in the case of many herbaceous plants 
that some of the so-called physiological diseases are realty caused 
by disease organisms that are carried by suckmg insects In some 
instances, the insect may serve m the capacity of an intermediate 
host for the disease The mosaic diseases are transmitted from 
plant to plant by suckmg insects and, m some cases, this is the only 
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way that these diseases can be carried from one host to another. 
How important the msect-bome diseases may ultimately prove 
to be m forests, time alone can tell. Up to the present, they 
have received practically no attention from either plant patholo- 
gists or entomologists. 

Many suckmg insects may also mjure trees 
mechanically, by ovipositmg in them In fact 
some species, for example certain tree hoppers 
(Membracidse), do not generally feed upon trees 
at all, but they still may seriously mjure or even 
kill trees by fillmg the branches with their egg 
slits (Fig 118). 

The species of sucking insects that attack trees 
are so numerous that space will not permit a full 
consideration of this important group The 
discussion will be confined to a few representative 
types of the more important families 

HEMIPTEROUS INSECTS 

The order Hemiptera embraces a large number 
of sucking insects. The members of this order 
are the true bugs, and it is only to this group 
that the name bug can be correctly applied A 
number of Hemipterous families are predaceous, 
some of them upon forest insects, but it will 
be necessary to pass them by and confine the 
discussion to those that suck the sap of trees 
The Plant Bugs. — The members of one family 
of the Hemiptera, the Miridse, are known as 
plant bugs and contam many tree species 
Every tree of every species is infested with its 
share of these msects, but they seldom occur in 
sufl3.cient numbers to be recogmzed as mjurious 
pests of forest trees, A few of them, hke the 
tarnished plant-bug, Lygus 'praterms, and the box-elder plant- 
bug Leptocons tnmUaiu8 (Fig. 119), are sometimes mjunous 
in nursenes. The eggs of these msects are deposited in slits 
which the females cut m the twigs and small branches of trees 
The young that hatch from these eggs bear a decided resemblance 
to the adult, except that they have no wings They run about 
actively and get their food by puncturing the leaves or stems. 



Fig 118 — Scars 
on an aspen twig 
caused by the ovi- 
position injury of 
tree hoppers 
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and sucking the sap. The metamorphosis of these, like all other 
Hemiptera, is gradual. With each succeedmg moult, the 
nymphs become more and more like the adult until the final 
moult, when they appear as winged imagos No satisfactory 
control for these msects has ever been developed Even when 
occumng on nursery stock and fruit or shade trees they defy 
control They are resistant to contact sprays and their method 
of feeding precludes the possibihty of killmg them with a stomach 
poison. 




Fio 119 — Various stagoa of the box-elder plant bug, Leptocorm trivUtatus 
a Eggs h, c, d Nymphs e Adult {Bureau of Entomology, V S Dept Agr ) 


The Lace Bugs. — Another important family of the Hemiptera 
is the family Tingidce, the lace bugs. These msects are very 
small m size, usually not much over 3^^ inch m length, but they 
are nevertheless very striking m appearance The hemelytra 
are thin, almost gauze-bke in structure, and are marked by a net- 
work of fine hnes that give the insect a lace-like appearance 
Lateral expansions of the prothorax that are similar in structure 
and appearance add still more to the lace-like effect (Fig 120) 
Unhke the leaf hoppers, which are very active m all stages, the 
lace bugs lead a very sedentary life Their entire developmental 
period may be spent upon a single leaf Injury done by them is 
much more likely to be observed than that caused by the plant 
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bugs, m part because it is usually more localized, and m part 
because the insects themselves are more easily seen. 

The lace bugs sometimes occur m extremely large numbers and 
in some years may destroy over extensive areas practically all 
the fohage of their host trees They are not, however, tree 
killers They attack trees of all sizes, but appear to prefer trees 
of sapling or small-pole size. Drake (1922) considers one of the 
tmgids, Corythuca palhpesy to be “the most mjunous leaf-feedmg 



Fig 120 — The sycamore laoe-bug, 
CorythiLca ciLicUa Adult, greatly en- 
larged {Bureau of Entomology^ U S 
Dept AgrJ) 


insect on yellow buch” m cer- 
tain parts of New York State 
These insects are sometimes 
very seriously injurious to 
hardwood trees growmg m 
nurseries The birch is one of 
the common hosts for a number 
of lace bugs, but other hard- 
wood species (for example iron- 
wood, sycamore, oak, maple, 
willow, and basswood) are 
often heavily attacked 
The life history of the lace 
bugs IS m some ways quite simi- 
lar to that of other Hemiptera. 
The eggs are deposited on the 
under side of leaves of the 
host tree, usually in the veins 
Each egg is inserted partly m 


the leaf tissues, sometimes smgly but usually m groups No 


definite method is followed m arrangmg the groups. The eggs 


are dark m color, rather elongate, and slightly curved in form, 


with the upper end somewhat constricted and closed with a 


lighter-colored cap or hd They hatch m about 10 days 
after deposition 


The young nymphs that hatch from these eggs insert their 
proboscides into the leaf tissues and suck out the sap During 
the early nymphal stages they are usually gregarious When 
they become mature they generally scatter The adults feed on 
both the upper and lower surfaces of the leaves, whereas the 
nymphs practically always feed only on the lower side 

Almost all the lace bugs have two generations a year in the 
latitude of New Jersey. It is probable that farther north they 
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may have only a single generation, while m the South they may 
have more Most of the species pass the winter in the egg stage, 
although a few become adults before hibernation These 
overwmtering adults hide themselves away beneath bark, or in 
the htter beneath the trees, or m any other sheltered location. 

The control of lace bugs m nurseries and on shade trees can be 
accomplished with comparative ease Spraying with a contact 
insecticide is usually effective On lawn trees the insects may be 
held m check by washmg the fohage thoroughly with a forcible 
stream of water from the garden hose Whale-oil soap at the 
rate of 1 pound to 6 gallons of water has been recommended In 
spraymg for these and other sucking msects, it is important that 
the spray be applied with considerable force This means that 
with a 50-foot lead of hose a pressure of 200 to 260 pounds should 
be maintamed at the pump. 

Questions on Literature 

1 What are some of the most important species of lace bugs? 

2 Are any of these species general feeders or is each one limited to a single 
host or to a small group of host species? 

3 How do the nymphs differ from the adults in appearance? 

4 At what stage m the nymphal development do the wing pads first appear ? 

6. What are some of the enemies of the lace bugs? 

CERTAIN HOMOPTEROUS INSECTS 

Many members of the order Homoptera are important enemies 
of forest and shade trees* in fact almost every family of the order 
has representatives that feed upon trees The most important 
groups, from the viewpoint of forest entomology, are the aphids 
or plant hce, the adelgids, and the scale msects, but members of 
other famihes are sometimes important locally. For instance 
the cicadas, although they do httle damage to the tree durmg 
their long, subterranean, developmental period during which they 
feed upon tree roots, sometimes cause heavy mjury to shade and 
nursery trees at the time of oviposition Certain species of leaf 
hoppers are primarily tree insects The tree hoppers feed on 
herbaceous vegetation but they sometimes severely mjure or 
even kill trees m which they oviposit heavily. This mjury is 
particularly common m nurseries and m the farm windbreaks and 
groves of praine regions The frog hoppers or spittle bugs injure 
and sometimes kill pines when they attack these trees in largo 
numbers The chermids or jumping plant lice are particularly 
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mjunous to orchard trees, sometimes even killmg them The 
members of these famihes, however, in spite of the fact that they 
sometimes are mjunous, cannot be regarded as forest pests of 
primary importance. A detailed discussion of most of them will, 
therefore, be omitted here 

The Periodical Cicada. — In addition to the aphids, the adel- 
gids, and the scale insects mentioned above, we shall discuss a 
representative of only one other Homopterous family. That is 
the CicadidsB. The more common species of this family are well 
known to almost everyone, for those who do not know the insects 
by sight are familiar with the stndent, rattlmg song of the male 



Pig 121 — An adult of the penodioal cicada, Tvbicma aeptende&im {Bureau of 
Entomoloov, V S Dept Agr) 

that IS so characteristic of warm summer days. They are called 
“harvest flies” and sometimes mcorrectly termed “locusts ” One 
of the most mjunous and best-known members of this family is 
the penodical cicada Tibxcina Septendecim, this species will 
serve well as a representative of the group (Fig 121) 

The penodical cicada appears from time to time in great 
swarms, particularly m regions of eastern North America that are 
heavily wooded with hardwood trees. The female lays her eggs 
m shts that she cuts m small twigs and branches of woody plants 
When the cicadas occur m great numbers, every available twig 
may be filled with egg shts with the result that many twigs will 
be kdled This is not particularly mjunous to mature forest 
trees, but to young trees m the forest or the nursery it may be 
disastrous (Fig 122), 

The periodical cicada has an astonishing life history which is, 
mdeed, stranger than fiction. The full-grown nymphs, some- 
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times called pup®, emerge in spring and early summer from the 
ground where they have been entombed while passmg through 
the developmental stage. In certain years, they appear in such 
quantities that large areas of ground, from which they have 
emerged, is hteraUy peppered with their exit holes. In some 
places, fifty to one hundred exit holes per square foot of soil 
surface is not uncommon. 

The full-grown nymphs are cunous, heavy-bodied insects with 
a broad, blunt abdomen and powerful legs. As soon as they 
leave their burrows, they climb upon any convement object and 
there hook their claws firmly mto the supportmg surface and 
come to rest. Before very long, a split appears along the back of 
the thorax, and the adult emerges leavmg the empty nymphal 
skm hangmg where it was fastened. Trees, shrubs, fences, poles, 
and any other convenient objects, m years when cicadas are 
abundant, may be covered with these cast skins 

The adult, when fully pigmented, is dark brown to black m 
color, with red eyes When the msect ]S m a restmg position, 
the clear, membranous wings are folded over the body hke 
a tent. The head and thorax are broad and the abdomen is 
tapering. The females are each armed with a strong ovipositor 
that might appropriately be compared to a pair of chisels By 
means of this powerful tool they gouge out slits in twigs and 
small branches m which to deposit their eggs. The height of the 
oviposition period usually comes m June. The period of mcuba- 
tion IS long, requinng 6 or 7 weeks When the young nymphs 
break from the eggs they drop to the ground and promptly 
burrow downward mto the soil. 

There, at a depth of about 2 feet, they hoUow out an earthen 
cell next to one of the small roots of some tree or shrub The 
insect then inserts its beak mto the tissues of this root and pro- 
ceeds to suck the juices therefrom. This liquid food provides 
the only nounshment for the msect. The periodical cicada grows 
very slowly. Safe in the seclusion of its earthen ceU, there is no 
need for haste m completing its development. The shght 
mechanical mjury to the root resulting from the msertion of the 
cicada^s beak is of little consequence; therefore the root provides 
for the nymph a regular and certain source of food which will 
contmue for an indefimtely long period Thus, unlike most 
insects, the length of life of the nymph is not limited by 
changmg food conditions The combination of a readily avail- 
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able, permanent food supply with a habit of life that gives the 
insect almost perfect protection from its enemies makes possible 
an exceedmgly long developmental period The penodical 
cicada hves for seventeen years m the nymphal stage This is 
the longest life cycle known for any suckmg msect. 

Most other insects which have long life cycles have overlapping 
broods, some of which emerge each year. Thisiii not so with the 
penodical cicada One season all the individuals of a brood 
emerge simultaneously m a locality The msect may then be 
so abundant as to be a veritable scourge In the followmg years 
not a smgle specimen of the msect will be found and not until the 
seventeenth year will they again appear In some locahties, 
however, there may ba more than one brood. The adults of the 
several broods need not emerge at the same time, but the genera- 
tions of every brood are, without exception, alwajrs separated by 
seventeen years The broods of this msect are well known to 
entomologists Each one is numbered and the time and geo- 
graphical distribution of each emergence can be prophesied 
exactly In the South, there is a race of this species which has a 
somewhat shorter hfe cycle Only 13 years is required for its 
development It is thought by some that this is a different 
species, but the general consensus of opimon appears to be that 
it IS merely a biologic variety 

The control of this msect by direct means is virtually impossi- 
ble If the branches of trees and shrubs that contain eggs were 
pruned off and burned before the eggs hatched, the numbers of 
cicadas could doubtless be reduced But pruning of this sort is 
usually out of the question of the tremendous numbers and 
general distribution of the eggs 

Natural enemies are important aids in reducing the number of 
cicadas. Birds, particularly those of the blackbird group, are 
very fond of the newly emerged adults and consume them by the 
hundred The house sparrow and many other birds are said to 
feed upon this msect Just before emergence the nymphs come 
up to the surface of the soil Here they are sometimes found and 
destroyed by scratching birds, moles, or hogs 

Questions on Literature 

1. Are any species of cicada, other than the penodical cicada, important 
economically? 

2 How many eggs will a single female cicada lay? 
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3. How is tlie song of the cicada produced and what is its apparent pur 
pose? 

4 Have cicadas ever been used for food by man or other animals? If so 
when and how? 

6 How many broods of the periodical cicada are now recogmzed? 


The Aphids. — Among the homopterous sucking insects the 
family Aphididse stands out prominently as an exceedingly 


mwammmw 



Fig 123 — Aphids feeding on a stem 
The individuals that appear to be 
swollen are parasitized The emer- 
gence hole of a parasite may be seen m 
the abdomen of the uppermost aphid 


important group. The members 
of this family are called aphids 
or plant hce. They are abundant 
m numbers, both of mdividuals 
and of species, and they are so 
generally, distributed that it us 
scarcely possible to find a tree 
of sapling size or larger which is 
not infested by them to a greater 
or less degree 

The aphids are usually very 
small, soft-bodied insects Their 
bodies are generally pear shaped. 
The legs are long and slender. 
With most species, on the dorsal 
side of the abdomen near the 
caudal end, there is a pair of 
cormcles Aphids may be either 
wmged or wingless. When wings 
are present, all four of them an* 
transparent, dehcate, and pro- 
vided with a few simple or 
branched veins (Fig 123) 

When aphids occur m compai- 
atively small numbers, the direct 
mjury that they cause is com- 
paratively shght, but when they 
become very abundant, as they 
frequently do under favorable 


weather conditions, their mjury to the trees is often great They 


are not tree killers, however, and, with the exception of young 
trees, the mjury which they cause usually results only in a 
reduced rate of growth and m a generally unthrifty condition of 
the infested trees Trees mjured by aphids may succumb to 
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secondary insects which they could resist when m vigorous 
health 

Aphids have received much study as agricultural and horti- 
cultural pests, but because our forestry methods are decidedly 
extensive rather than mtensive, these insects have received little 
attention as forest pests. Nevertheless, in view of their abun- 
dance, it cannot be doubted that the aphids compnse an import- 
ant group of forest msects. In nurseries and m young planta- 
tions the aphid problem is often exceedmgly important The 



l*'iQ 124 — GoUb of tho poplar gaU-aphid, Pcmphagua popid‘ir4Tanaver8ua One of 
the gaUs has been opened to expose the interior (VmverBity of Minnesota ) 


number of aphid species that attack trees is so great that it seems 
desirable here to treat the entire family as a unit, rather than to 
discuss a limited number of individual species. 

Different aphids have different habits. Some of them hve 
on the bark of the trunk and large branches, others confine their 
feedmg activities to the leaves and green tips, while still others 
feed upon the roots of trees. Some of them cause the formation 
of galls, particularly on the leaves They live withm these galls 
and thus the tree provides them with both food and shelter 
(Fig 124) Other species provide shelter for themselves by 
causing the leaves on which they are feeding to curl about them. 




Fig 126 Aphid eggs on the bark of an oak tree (University of Minnesota ) 


it ifl a common sight to see ants among groups of aphids busily 
collecting this sweet hquid. In some instances interesting 
symbiotic relationships have arisen between ants and aphids. 
The ants care for the aphids and m return receive honeydew. 
It IS because of this relationship that aphids are sometimes 
called “ant cows.” 

Although the habits of the various species of aphids vary 
greatly, the general features of the hfe cycle are quite similar for 
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most of the common species. The true aphids pass the winter in 
the egg stage on the host tree (Fig 125) In the spring, with 
the appearance of green vegetation, parthenogenetic females 
hatch from these overwmtenng eggs These females are called 
“stem mothers.^^ It is from them that the summer generations 
anse 

The stem mother, or fuTidatriXj as she is sometimes called, is 
wmgless in most species These young are all agamic females 
which in their turn reproduce parthenogenetically and are called 
wingless agamic forms or spunce apterce. From these may be 
produced a number of generations of similar forms, each genera- 
tion giving birth to hvmg young Reproduction is very rapid 
In from 5 to 7 days after an individual is bom, she will, in 
her turn, begm to produce hvmg young It is not surpnsmg, 
therefore, that the aphids build up rapidly in number as the 
season progresses 

In certam generations another type usually appears. These 
are winged agamic females and are known as migrants, or spunce 
alatoe Frequently, both winged and wmgless forms are present 
m the same generation These forms are often produced by 
the spunce apterce at a time when the food plant has become 
crowded. In certam species, the migrants are produced directly 
from the stem mother These migrants leave the plant upon 
which they have been feeding to seek fresh food Some species 
seek out plants of the same species as that which they left, but 
a large number of aphids have an alternate host to which the 
migrants fly When this is the case, the host upon which the 
stem mother and the succeeding generations are produced is 
called the “primary host,” the host species to which the migrants 
fly is termed the “secondary host ” 

On the new host the migrants give birth to winged or wmgless 
agamic forms. A number of generations of these usually occur 
On a secondary host the wmgless agamic forms may or may not 
resemble the form on the primary host Sometimes they are so 
different that they have been regarded by entomologists as 
distmct species until a careful study of their life history has 
disclosed their identity. The members of the last generation 
of this senes give rise to the true sexes and are therefore known 
as sexuparce In those species that have alternate hosts this 
generation is winged, at least m part, whereas species which 
always remam on the same host may be wingless 
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The winged sexuparm that are to produce the sexually perfect 
females fly from the secondary host back to the pnmary host. 
There they give birth to the oviparous females which only 
appear at this stage in the cycle The males are usually pro- 
duced by non-migrating sexuparcB on the secondary host and 
migrate to the primary host. Matmg takes place there and eggs 
are deposited. In some species, each female produces only a 
single fertilized egg, whereas, in others, several eggs may be 
produced 

The control of aphids is practically the same for all species. 
In the forest, no control is practiced, and little thought has been 
given to this particular side of the aphid problem. There is a 
possibility that some species that require alternate hosts may 
ultimately be controlled, m intensively managed forests, by 
ehminatmg one of the hosts But such a development is probably 
far m the future. For the present, it seems likely that the 
control of aphids will receive httle consideration in established 
forests. Only m nursenes, in young plantations, and on orna- 
mental trees will they receive much consideration 

In such instances, direct control measures will usually be used. 
Spraymg is the surest and best means of controllmg these msects 
on standing trees Dunng the growing season, nicotine sulphate 
in soap solution at the rate of 1 part of nicotme sulphate to 600 
or 800 parts, by volume, of strong soapsuds will usually give 
satisfactory control when thoroughly applied as a spray. The 
overwmtering eggs may be destroyed by a dormant spray of 
lime sulphur or miscible oil. 

Stock that IS infested m the nursery should not be set out, 
either m forest or ornamental plantations, without its first bemg 
treated to destroy the aphids Successful treatment may be 
accomphshed in two ways The plantmg stock should either 
be dipped or fumigated. Dippmg is apparently a little more 
certam than fumigation. Either lime sulphur or miscible oils, 
at winter strength, wiU usually give satisfactory results Another 
material that is apparently satisfactory for this purpose is nico- 
tme oleate. This material is made by mixing a free nicotine 
solution with oleic acid, at the rate of 10 parts of a 40 per cent 
free mcotine solution with 7 parts of commercial oleic acid. 
It IS an effective ovicide when used at the rate of 1 part of nicotme 
oleate to 40 parts of water. 
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Questions on Literature 

1 Under what conditions may agamic females lay eggs? 

2 What are some of the important gall aphids? 

3 What economically important aphid feeds on elm that has apple for it 
alternate host? 

4 What is honeydew and how is it excreted? 

5 What important plant diseases are spread by aphids? 

The Adelgids. — The adelgids (chermes) are close relatives of 
the true aphids but differ from them m several important respects 
For instance, the adelgids have no cornicles, and both the 
parthenogenetic and sexually perfect females lay eggs. The 
adelgids were formerly called ''chermes'^ but recent taxonomic 
study has shown that this name, by right of priority, belongs to 
certain of the jumpmg plant lice of the family ChermidsB Thus 
the name “chermes” must be replaced by the name “adelges,” in 
spite of the fact that these insects have become well known, not 
only to entomologists but also to foresters and others, by the 
former name But the temporary confusion, that is bound to 
result, will not be so serious as the permanent confusion, that 
would certainly occur, if the common name “chermes” were 
retained for the adelgids 

The adelgids all feed upon coniferous trees and, m some 
instances, they are responsible for much mjury In general, 
they may be regarded as more mjurious than the true aphids 
They are particularly injurious to trees that are growing under 
unfavorable conditions. The life cycle of these insects is even 
more complicated than that of the true aphids. Most of the 
species have alternate hosts but m every case the primary host 
IS a spruce On the spruce, the adelgids form leaf galls of differ- 
ent types varying from a condition in which the bases of the 
needles are slightly swelled to a condition in which the needles 
of the new growth form a closed, cone-like gall. Where these galls 
are formed, a part or the whole of the infested portion dies. It is 
obvious that when a large proportion of the tips are attacked, 
year after year, serious injury to the trees will result. In the 
eastern part of this country and Canada the adelgids are com- 
mon but are not usually considered dangerous pests. In the 
Northwest, however, these msects have at times been responsible 
for serious injury 

The alternate or secondary host of the adelgids vanes with 
different species (Fig. 126) It may be any one of the followmg 
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genera: Abies, Pseudotsuga, Larix, Tsuga, or Finns. On the 
secondary host no gall is formed The insects hve either upon the 
bark or the needles The injury that they do to the secondary 
host may or may not be severe In the case of the pine bark- 
adelges, Adelges pimcoriim, the injury is sometimes very severe. 
It is especially mjunous to young trees growing under semisup- 



Fig 126 — Adelgids on a secondary host, white pine On this host the insect is 
called Ad^ea pimcorticia ( Umveraity of Minnesota ) 

pressed conditions and to older trees on poor sites. The activities 
of this insect may frequently so weaken the trees that they suc- 
cumb to the attack of bark beetles The full life cycle of the pme- 
bark adelgid is not knovm 

The adelgids are small insects, oval m shape, with mouth 
parts of the suckmg type They are provided with wax glands 
that excrete a flocculent, waxy mass that covers the insects and 




SAP-SUCKING INSECTS 


261 


their eggs Like the aphids, the adelgids have some winged 
generations and others that are wingless 

Adelges cooleyi is one of the American species that has been 
carefully studied Its life cycle will serve well as an illustration 
of that of the group as a whole. This species may breed upon 
several primary hosts It has been reported as attackmg Colo- 
rado blue spruce, P%cea pungens; engelmann spruce, Picea 
Engelmanm; and sitka spruce, Picea sfitchensis. The secondary 
host IS douglas fir, Pseudotsuga taxifoUa 

The species overwinters as an immature stem mother or 
fundatnx vera as she is sometimes called This stem mother is 
always found on spruce and always hatches from a fertihzed egg. 
She IS a wingless agamic female. When spring arrives, she soon 
completes her development, during this period she secretes a 
large quantity of white, waxy wool. When she becomes mature, 
she deposits a large number of unfertihzed eggs beneath this 
wool-hke covering These eggs laid by the stem mother give 
rise to a generation called “gall dwellers” or galkcolos. 

As soon as the young gall dwellers hatch, they make their way 
to the expanding new growdih There they settle down to feed 
Each tiny individual takes up her position at the base of a young 
needle on an expanding tip, sometimes alone but often with some 
of her sisters She inserts her mouth parts into the succulent 
tissues and sucks the sap The stimulation resultmg from the 
presence of adelgids, the exact nature of which is unknown, causes 
the basal portion of the leaf to thicken and expand, until it forms 
a shelter over the young insects Usually all the needles on a 
shoot are attacked at practically the same time and respond in 
similar manner These basal leaf swellings coalesce and form a 
cone-hke gall on the new growth (Fig 127). The form of the gall 
vanes wnth different species of adelges but is constant for the same 
species. The individuals that arise from a single stem mother 
may number from 300 to 500 When the gall dwellers are full 
grown, the galls open The young adelgids then crawl from the 
gall and settle on the spruce needles Here they cast their 
nymphal skms and emerge as wmged msects. This takes place 
about the middle of June 

These winged forms are called galhcolce rmgrantes or migrating 
gall dwellers. They fiy to douglas fir and, after settling upon 
the needles, each insect lays from 100 to 150 eggs. In some 
adelgids the winged generation of gall dwellers have two alter- 
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natives. They may either migrate to the secondary host or the 
may remam upon the primary host In the latter case they ar 
called galUcolm non migrantes, or non-migratmg gall dwellers, an 
give nse to forms similar to the true stem mothers which ovei 
wmter and lay eggs, in the foUowmg sprmg, for another gen 
eration of paZhcoZte on the primary host. Inthisway,acomplet 
asexual cycle may occur on the spruce 



Fio 127 — Adelgea ahietia galls on norway spruco 


The eggs on douglas fir laid by the galhcoloR migrantea hatch i 
about a week into forms that are called the colonist brood 
or colonm. These are wingless forms that differ in appearanc 
from the spruce-inhabitmg forms from which they arose Th 
members of the colomci generation that arise from the galhcol 
imgrantes are sometimes called “false stem mothers” or fundc 
tnces spuncB. They pass the wmter on the secondary host m 
partly developed condition Early m the following May the 
complete their development and deposit unfertilized eggs Th 
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eggs m this generation are not so numerous as in those preceding 
Each female lays from 30 to 60 

The young which hatch from these eggs are di-morphic m 
character A part of them are wmgless and remain on the 
douglas fir, while a part are winged and fly back to the primary 
host. The latter are called sexuparce These that remain on the 
douglas fir form the spring brood of apterous females on the 
secondary host, which later lay unfer- 
tilized eggs Erom these, the summer 
brood on the secondary host hatches 
The members of the summer brood on 
the secondary host pass the winter in 
the immature form and, m their turn, 
become false stem mothers m the 
spring f ollowmg Thus on the douglas 
fir, there is a complete asexual cycle 
This cycle on the secondary host, and 
that previously mentioned on the pn- 
mary host, may contmue mdefimtely 
(Fig. 128). 

The sexuparce fly back m early 
summer to the primary host and settle 
there They give rise to still other 
forms, the true males and females. 

This stage has never been observed in 
America, but m England, Chrystal 
(1922) has found them and, doubtless, 
they occur in this country These 
sexual forms mate and the females 
deposit a small number of fertilized eggs on the spruce, 
produce the true stem mother or fundatnx vera 

Thus m adelges there occur three distinct cycles of develop- 
ment the asexual cycle on the primary host, the asexual cycle on 
the secondary host, and the cycle on both the primary and second- 
ary hosts, in which the sexual forms appear. Apparently, any 
one of these cycles may contmue mdefimtely. 

No feasible method for controlling adelgids in existing forests 
has ever been suggested It is possible that forests of the future 
may be protected from adelgids by the selection of resistant 
tree varieties On shade and ornamental trees adelgids may be 
controlled by spraying Because of their covering of woolly 



Fig 128 — Addgea cooley% on 
tho neodloa of douglas fir, a sec- 
ondary host of this species {R 
N Chrystal ) 


These 
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wax, these insects are difficult to kill with a spray. Chrystal 
has found that on the secondary host they are most 
susceptible in late winter when they are almost without this 
covering. This is also true of the young stem mothers on the 
primary host. On the primary host, sprays are obviously useless 
when the insects are withm the gall. 

Almost any strong contact insecticide is effective. Because of 
their waxy covering, sprays for these msects should be strongly 
soapy or should contain an oil In England, the following 
formula for mcotine emulsion has been recommended* ^ ounce of 
90 per cent mcotine, 3^ pound of soft soap, and 10 gallons of soft 
water. The following directions accompany the formula: 
“Dissolve yi pound of soap m 4 pmts of boihng water, allow 
the solution to cool and then add % ounce of 90 per cent nicotine. 
Stir well and keep in a well-corked bottle. To use, take 1 (fluid) 
ounce of the concentrated solution and make up 1 pint with 
soft water This gives a dilution of approximately one part of 
mcotme to 250 parts of water. Nicotme sulphate at this rate m a 
strong soap solution would probably give equally good results. 
Nicotine oleate, the formula of’ which was given under aphid 
control, should also give satisfactory control when applied m late 
winter or very early spring. Miscible oils should also prove 
satisfactory for sprays or dips 

Adelgids on lawn trees may sometimes be effectively controlled 
by washing the trees thoroughly with a forcible stream of water 
from the garden hose. Prunmg the gaUs, before they open, 
from small trees of the primary host may be desirable under 
certain conditions where other larger host trees are not near by. 
In forest plantations, the trees are particularly susceptible to 
mjury by adelgids durmg the first few years after planting For 
this reason, it is important that adelgid-free plantmg stock be 
used Before bemg set out m plantations, aU infested nursery 
stock should be dipped m one of the spraymg solutions mentioned 
above or fumigated with hydrocyanic acid gas as previously 
described 

In the forest, certam biotic agencies are operatmg to bring 
about a natural control. Among these are certam parasites, 
predatory msects hke the coccmeUids, the syrphids, or the aphis 
hons, and predatory mites and spiders In as much as the most 
susceptible trees are those that are growmg under unfavorable 
conditions, it is apparent that any improvement of growing 
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conditions will reduce the danger of injury Proper thinning, 
intelligent drainage, and careful selection of planting sites to 
suit each species, are some of the practices of good silviculture 
that will aid mdirectly m controlhng adelgids 

Questions on Literature 

1 What are some of the important adelgids m America? In Europe? 

2. Where does Adelges cooUyt usually pierce the leaf of the secondary 
host? Into what tissues are the stylets usually mserted? 

3 What adelgids are especially injurious to the secondary host? 

4 Are any adelgids common to both Europe and America? If so, what 
are they? 

6 What generation in the sexual cycle appears to be most susceptible to 
weather? 


THE SCALE INSECTS 

The scale insects, Coccidae, comprise another family of the 
Homoptera that mcludes many dangerous tree insects Because 
they are so different in habits and appearance from the other 
Homoptera, and because of their great economic importance, 
they will be discussed here in a separate section. They are 
usually regarded as bemg particularly mjunous to shade and 
orchard trees, although they are really equally dangerous m the 
forest Their inconspicuousness, coupled with the fact that 
their work is often supplemented by that of other more con- 
spicuous species, has resulted m a general underestimation of 
the importance of scales as forest pests. Recently, however, 
several severe outbreaks m forests have been reported For 
instance, the black pme-leaf scale, Aspidiotus ptm, has been 
responsible for heavy injury in parts of the Lake States and has 
also been injurious m California forests 

The scale msects are very peculiar No one on seeing these 
creatures for the first time would guess that they were insects. 
In fact, it IS doubtful if on cursory examination a person unfa- 
nuhar with them would even regard them as living organisms. 
They are, for the most part, small to the point of minuteness and 
many of them appear as tiny scales of wax adhering to the leaves 
or bark. Others look like small galls, whereas still others appear 
to be accumulations of granular waxy material, or masses of 
resinous exudation upon the trees. Although this group includes 
many important pests, some very useful msects are also members 
of the family For instance, the lac insects excrete over their 
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bodies, a resinous material which is an important article of 
commerce. This material called stic-lac is manufactured mto 
shellac. Before the days of coal-tar dyes the lac insects and 
other scales, hke the cochmeal insect, were important in the 
production of coloring materials 

The scale insects are numerous in species and variable in 
habit and appearance Three groups of the family contam 
dangerous forest and shade-tree pests These are the armored 
scales, the tortoise scales, and the mealybugs The life history 
and habits characteristic of each group are quite different and, 
therefore, a representative of each one wiU be discussed 

The Oyster-shell Scale. — One of the armored scales, the oyster- 
shell scale, Lepidosaphes ulmij will be considered first. This 
insect belongs to the subfamily Diaspmi, which is characterized 
by the scale-hke covering beneath which the insect lies. This 
scale is composed m part of moulted skms and m part of waxy 
or resinous excretions of the insect. 

The oyster-shell scale is well known to almost everyone who 
works with woody plants. This msect attacks a great variety 
of fruit trees and deciduous forest trees and shrubs (Pig 129). 
In the forest, the poplars, willows, and maples are probably the 
most susceptible trees. This msect is distributed throughout the 
temperate regions of the world and is either native to America or 
was mtroduced m very early colomal days, probably from Europe 
It now occurs throughout temperate North America from the 
Atlantic to the Pacific. 

The oyster-shell scale is well named It has the general shape 
of an elongate oyster shell. The fuU-growm scale is about 
mch in length and brown in color "When these insects are 
abundant, the small branches of the infested trees may be almost 
completely encrusted with the scales. The male scales are said 
to be very rai*e. The exact proportion of males to females has 
never been determined, but it is so low that according to Griswold 
(1925) thousands of scales may be exammed without findmg a 
male. This suggests that this species usually is reproduced 
parthenogenetically, although no general acceptance of such an 
assumption is evidenced m published wntmgs on this insect 

In the North, the eggs are deposited m late summer or early 
autumn and pass through the wmter without hatchmg In the 
early spnng they hatch The time of hatching varies greatly, 
depending upon the latitude and the season In general, it 
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corresponds m time to the droppmg of the apple blossoms. The 
young insects creep from beneath the mother scales, by the 
hundred, and wander about on the bark of the host tree. At this 
time they may creep upon birds, other insects, or anythmg else 
that comes in contact with the trees. In this way, they may be 
earned from tree to tree, or even from locahty to locahty. 


ii'iiii ■ m\ 

I Mill 
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Fiq 129. — A branch of aspen almost completely covered by osyter-shoU scale, 
Lepidoaaphes ulmi. 

After wandering aimlessly about over the bark for some tune, 
the young settle down in a suitable place, insert their mouth 
parts, and proceed to feed upon the sap of the tree on which they 
are restmg The secretion of the scale then begins. The 
female scales never move agam but live for the remainder of their 
life beneath the scale As the insect grows, the scale is mcreased 
m size so that the body is always entoly covered When 
mature, the female has lost both legs and eyes She is little 
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more than a reproductive sack with sucking mouth parts through 
which the food is drawn The male, on the other hand, under- 
goes an entirely different type of metamorphosis and after passmg 
through a stage resembling the pupal stage of holometabolous 
forms, he emerges in the form of a tmy msect with antennae, 
compound eyes, two wmgs, and the mouth parts replaced by 
a second pair of rudimentary eyes. The male takes no food and 
is short hved. 



Fia 130 The Bomfy BoaXe, Chionaapis furfura, (UmvcraUy of Mmnenota) 


By the time the female is full grown, her body is filled with 
eggs. As she lays them her body shrinks in size, until almost the 
entire cavity beneath the scale is occupied by eggs and, m 
consequence, the mother is crowded mto a small portion of the 
antenor part. Shortly after oviposition, the female dies, con- 
sequently, by late autumn there are no females alive. The 
number of eggs deposited by each female vanes from 20 to 
slightly more than 100 In the North, there is only one genera- 
tion of this insect each year In the South, there are two genera- 
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tions Where there are two generations, the eggs of the first 
brood are deposited early and hatch during the month of July 

Other important species of armored scales pass through life 
cycles very similar to that of the oyster-shell scale The scurfy 
scale, Chionaspis furfura (Fig 130), and the pme-leaf scale Chion- 
aspis pimfohoB (Fig 35), both pass the wmter m the egg stage and 
develop in a manner quite comparable to that of the oyster-shell 
scale Other members of this group pass the wmter in a partly 
grown condition and complete their development m the following 
spring In some of these scales the eggs hatch withm the body 
of the female, and the young are bom ahve. 

The control of scale insects is very much the same for aU 
species Instead of takmg up the question of control in each 
individual case, scale control m general will be discussed at the 
end of this section. 


Questions on Literature 

1 What are some of the armored scales not mentioned here that are 
dangerous tree pests? 

2 What important species of armored scale gives birth to hvmg young? 

3 Is there more than one form of oyster-shell scale? If so, what are they 
and how are they distinguished? 

4 How rapidly may a scale insect spread out from a center of infestation? 

6 What trees, in addition to those mentioned above, are subject to the 

attack of the oysteivshell scale? 

The Cottony Maple-scale. — The tortoise-scale group is well 
illustrated by the maple scale, Pulmnana vitis This group pf 
scales are so called because of their tortoise-hke form. Some 
members of this group secrete very little wax and are, therefore, 
called naked scales, others, hke the cottony maple-scale, are 
naked but excrete wax to form an egg sack; whereas, still others 
excrete wax in abundance Unlike the armored scales, the legs 
of many tortoise scales are not reduced to the point of uselessness, 
at least not until the female becomes fiUed with eggs They may, 
therefore, change their location when partly grown The scales 
of this group are, for the most part, much larger and more con- 
spicuous than the armored scales. Many of them excrete large 
quantities of honeydew which may coat over the leaves and 
branches of infested trees. A black fungus that grows in the 
honeydew usually gives the infested trees a decidedly black 
appearance, which is often very unsightly. 
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The cottony maple-scale attacks maples, particularly the soft 
maple, throughout the range of its host trees and, when abundant, 
may kill trees Previous to cold weather, the female is fertilized, 
and she spends the winter m a partly developed stage on the 
small branches of the host With the amval of sprmg, these 
females complete their growth. When full grown, they are 



Fig 131 — The cottony maple-scale, PvXvinana uiiw, on soft maple (JJmveraity 

of Minnesota ) 


large for scale insects, sometimes being considerably over 
mch m length and broadly ovate m form Their color is a dark 
brown. Full growth is attained early in the summer at which 
time they begm to lay their eggs The specific name innumer- 
abiUsj which has sometimes been apphed to this species, describes 
well the fecundity of this insect A comparatively unproductive 
individual will lay 500 eggs, while some females may produce 
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several thousand. The biotic potential of such a species is 
tremendous. If the factors of environmental resistance were 
reduced, it is obvious that, with such a high potential, this msect 
would multiply at an almost unbehevable rate. 

The high fecundity of this species may be remarkable but it is 
not the only interestmg fact m connection with its reproduction. 
As m the case of some other members of the tortoise-scale group, 
the eggs are laid in egg sacks constructed of cotton-hke wax A 
conspicuous, white, cottony mass that is filled with eggs is 
extruded from beneath the caudal end of each mother scale (Fig. 
131) These white masses stand out prominently against the 
blackened bark of the trees and naturally attract much attention 
Some other species of the tortoise-scale group, instead of deposit- 
ing their eggs m egg sacks as does this species, lay them beneath 
their arched bodies; whereas still others produce hvmg young. 

The tiny yoimg scales leave the egg sacks m July or August and 
make their way to the leaves There they settle down and feed 
until fall. Most of them locate on the lower side of the leaves 
along the large veins. The males develop much more rapidly 
than the females and emerge as wmged adults in late summer or 
fall At that time mating takes place even though the females 
are not fully developed After fertihzation and before the leaves 
fall in the autumn, the females migrate from the leaves and make 
their way back to the twigs and small branches where they pass 
the winter, complete their development, lay their eggs, and die 


Questions on Literature 

1 What other names are sometimes apphed to the tortoise-scale group? 

2 What are some of the species of tortoise scales, other than the cottony 
maple-scale, that are of economic importance? 

3 What plants other than maples are said to be attacked by the cottony 
maple-scale ? 

4 How 13 the scale carried from tree to tree? 

6 In what part of the Umted States is the cottony maple-scale most 
abundant and injurious? 


The European Elm-scale. — The European elm-scale, Gos- 
sijparia spurta, is a member of another group of scale insects, 
the mealybugs The members of this group are best known as 
pests of greenhouse plants but some of them are injurious to trees, 
particularly in the South. Even m the North, however, some of 
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our most mjurioufl scale insects belong to this subfamily, Tb 
mealybugs excrete a powdery wax, which covers their bodies 
This flour-hke excretion gives them their common name. 

The European elm-scale is one of the most dangerous tree pesti 
of all the mealybugs This msect is one of our foreign guests whicl 
we could weU do without. It was first discovered m this country 
m New York State m 1884, but it had apparently been establishoc 
for some time previous to that date. In 1894 it was reported 
from Cahforma, and it is now known to be widely distributed 
throughout the Umted States and Canada Wherever it makw 
its way, it becomes a troublesome and dangerous pest of elms. 
So far, it has not become a forest pest, and for the most part it ia 
confined to shade trees m cities and towns If it should ever 
become estabhshed m a forest, it quite probably would be as 
serious a pest as it is m the towns. Great care should be exor- 
cised to prevent the introduction of this scale mto forest areas. 

When this pest first appears m a locality, it is usually very 
mjunous It attacks aU species of elm and becomes abundant. 
Heavily infested trees are hable to succumb If the trees are not 
kiQed in the early years of the outbreak, however, they are Iikoly 
to survive. Perhaps the trees are able to build up a resistance 
to the pest, or perhaps the scale is brought under control by its 
natural enennes This will probably be the history of the msect 
if it gets mto a forest. Natural enennes will control it But 
while a new biotic balance is being attained, much mjury may be 
expected to result. 

The chief way m which new infestations may occur is by 
transporting the pest to new locahties upon infested nursery 
stock. The overwmtermg scales may easily be earned from 
place to place m this way The other means of dispersal (on 
wmd-blown leaves, on birds or msects, by ants, or by the scales 
creepmg from tree to tree) are slow and account only for local, 
gradual spread. 

The body of the European elm scale is ovate in form In the 
second stage this species excretes a powdery wax hke the other 
mealybugs The third-stage females are brown in color and 
without any dorsal covermg. They do, however, excrete a 
white waxy frmge which curves upward from the ventral sid(‘ 
and partly encloses the body (Fig. 132) This is called the semi- 
cocoon. The males, between the second stage and the adult, 
are enclosed in white, waxy cocoons. 



SAP-SUCKING INSECTS 


273 


The life cycle of this insect is, m general, similar to that of the 
other scales discussed above The winter is passed on the 
branches of host trees m the second instar Their covering of 
powdery wax serves to protect them to some degree against 
both excessive desiccation and excessive moisture Very early m 
the spnng, or even in late wmter, the males moult to the third 
stage and spin their waxy cocoons After completmg their 



Tia 132 — A mass of female, European elm-scales m the third stage Note the 
semicocoon surroundmg each insect {Bureau of Entomology ^ XJ S, DepL Agr ) 

cocoons, they moult agam This fourth stage, the prepupal, is a 
quiescent stage withm the cocoon. In the course of a week or 
more the prepupa moults agam. It is then a pupa After 
another quiescent period the adult males emerge from the cocoon 
The first males to emerge are wmgless, the later emergents are 
winged Between these two extremes are msects with all stages 
of wing development. 

In the meantime the females have also been undergomg a 
certain change About the time that the adult males are ready 
to emerge from their cocoons, the females moult for the last time 
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The males emerge and mating takes place. The fertilized females 
then seek out a suitable location, usually on the under side of a 
branch, and settle down for the last time. They then begm to 
excrete the conspicuous frmge of white wax, the semicocoon, that 
partly envelops the body. Durmg this third period of her life 
the female excretes lai'ge quantities of honeydew which drops onto 
the branches, and later onto the fohage, and upon the ground 
beneath the trees, and covers everythmg withm range, with a 
sticky coating. In this sweet material a black fungus grows, so that 
before long the infested trees assume an inky-black appearance 

By late sprmg, the females are fully grown and have completed 
their semicocoons They are then ready to lay their eggs The 
egg-laymg period of most insects is brief but this insect takes her 
time in performing this important process. Oyiposition may 
last for several months. The eggs are held m the body of the 
mother until they are about ready to hatch at which tune they are 
expelled. The vulva opens ventrally so that the eggs are 
deposited beneath the mother’s body where they are protected 
until hatching has been accomplished Each female lays a large 
number of eggs, although by no means as many as does the cot- 
tony maple-scale 

In less than an hour after the eggs are laid the nymphs hatch 
and leave the mother. They migrate to the leaves where they 
settle down to feed. Durmg this stage little wax is excreted, 
and except for the pubescence of the leaves, they are without 
protection. Some six weeks after hatchmg, they moult for 
the first time. In this stage a powdery wax covers the body. 
With the approach of autumn, most of the young scales move 
from the leaves and locate themselves upon the branches and 
trunk. Those that fail to do this drop with the leaves and most 
of them probably starve Some are said to creep up the trunks 
of convenient trees, where they establish themselves Thus the 
insect may be spread from tree to tree on wind-blown leaves 

Questions on Literature 

1. What are some of the other mealybugs that are injurious to trees? 

2. Are the mealybugs more abundant and injurious in temperate or 
tropical countries? 

3 Why IS the European elm-scale confined for the most part to cities or 
the neighborhood of cities? 

4 What is the relation of ants to the European elm-scale and similar 
mealybugs? 
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Control of Scale Insects. — Scale insects are very diflScult to 
control even on shade and nursery trees For that reason, it is 
particularly important that every possible precaution be taken to 
prevent the introduction of scales into uninfested localities 
Plantmg stock should be carefully inspected and if scale infesta- 
tion IS found the stock should be rejected, because no treatment 
of infested stock will give perfect results 

When once infested with scales, a forest will always remain 
infested and only by means of natural factors can these pests be 
held m check. Fortunately, there are many valuable agencies 
of natural control. Unfavorable weather conditions, for example, 
heavy washmg rams durmg the nugration of the young scales, 
may reduce the numbers of the msects materially In 1925, 
heavy rams durmg June checked a dangerous infestation of the 
black pme-leaf scale, Aspidiotus pintj m the jack-pme region of 
Minnesota 

Like most other insects, competition among themselves appears 
to be a control factor, m some cases When the suitable parts 
of a tree become heavily encrusted with scales, the fecimdity 
of the individual is apparently much reduced, because of food 
shortage In still more severe cases, the death of leaves or 
twigs upon which the scales are feedmg may brmg about an 
acute food shortage and ultimate starvation for many scales. 

Predaceous insects, like the ladybird beetles, feed upon scales. 
The adults and the larvae of these beetles both participate m this 
valuable work The larvae of the lace-wmg flies, Chrysopidae, 
are also important enemies of scales. Among the most important 
of the predatory groups that feed upon scales are the naites AU 
mites that are observed under or near scales are not necessarily 
predaceous Some of them are scavengers but many of them, 
like Hermsarcoptes maluSj are important predatory forms This 
particular species feeds upon the oj^ter-shell and San Jos6 scales 
and is very important m controUmg these pests Tothill (1918) 
reports that this is by far the most important agency of control 
of the oyster-shell scale in eastern Canada. (Fig 148 ) 

Certain small hymenopterous parasites are also important m 
keepmg scale insects in check. Aphehnus muhlaspidis is one of 
the important parasites of the oyster-shell scale. 

In some cases, it has been possible to regulate the activities of 
some of these biotic factors of control, and thus use them 
directly against a specific pest For instance Rodolia (Vedaha) 
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cardinaliSj a coccmellid, has been introduced into California to 
control the cottony cushion scale, Icerya purchoMy and has 
proved very effective. The beetles have been reared and 
liberated where they were most needed. Tothill suggests 
that Hemisarcoptes might be handled in a similar manner to 
control the oyster-shell scale. But as we have seen in a previous 
chapter, we are not yet able to make full use of these biotic 
factors of environmental resistance in directed control work. 

Chemical methods of direct control must be resorted to. 
Spraying and fumigatmg are the two most important means of 
coccid control that are at our disposal These methods are not, 
of course, applicable in the forest, but they can be used to 
advantage on nursery stock. Fumigation of nursery stock 
with hydrocyamc acid gas is, perhaps, the best method available 
for treatmg scale-infested materials. If properly done, this 
treatment wiU give good control for practically aU scales. 

Spraying of shade and other ornamental trees with a contact 
insecticide gives reasonably good control, but m most instances 
repeated applications are necessary The small armored scales 
are susceptible to lime sulphur at the rate of 1 part to 9 parts of 
water. This material should be apphed in the sprmg just as the 
trees are beginning the season’s activity. This material has not 
proved satisfactory for the oyster-shell scale and some other 
closely related forms. Neither is it effective upon large scales 
like the cottony maple-scale and the European elm-scale. For 
these scales a dormant spray of a miscible oil is generally used 
Spraying with nicotme eirtract at the rate of 1 part of nicotme 
to 600 parts of soapy water will kill aU the different species of 
young scales. Such a spray repeated once a week, during the 
hatching period, is an excellent method of control 

A simple method that has proved satisfactory in the control of 
some of the large scales, hke the cottony maple-scale and the 
European elm-scale, is to wash the trees with a hard stream of 
water. On small trees this can be accomphshed by use of the 
garden hose. On larger trees, a larger hose and higher pressure 
IS necessary. On the whole, however, tins is not so satisfactory 
a method as spraying with miscible oil. 
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INSECTIVOROUS PARASITES 

The part that parasites and predators play in environmental 
resistance has already been seen in Chap. IV, and in Chaps, 
VI and IX is explamed how they may be used either directly 
or indirectly m the control of insect pests Furthermore, it 
has been seen that parasites and predators are to be found in 
many groups m the animal kmgdom In this chapter, a few 
representatives of some of these groups will be discussed. 

ENTOMOPHAGOUS MICRO-ORGANISMS 

Certam members of each of the different groups of micro- 
orgamsms attack insects Some of the types of insect diseases 
caused by them are bacterial diseases, fungous diseases, and 
protozoan diseases. It is generally beheved that the filterable- 
virus diseases are also caused by micro-orgamsms, but these 
orgamsms have never been isolated m connection with any 
filterable-virus disease. The part played by some of these 
orgamsms m parasitizing msects will now be considered. Exam- 
ples of bacterial, fungous, and the polyhedral type of filterable- 
virus diseases will be cited as illustrations. Because so little is 
known concermng the part played by protozoan diseases in con- 
nection with msect activities, no examples of these will be 
discussed 

Bacterial Diseases. — References to bacterial diseases of 
insects are exceedmgly common m entomological hterature 
In many instances, the diseases mentioned were undoubtedly 
caused by bacteria, but, owmg to the difficulties attendant upon 
the conclusive identification of the causative organisms and to 
the general unfamiliarity of entomologists with bacteriological 
techmque, many incorrect determinations have resulted 

Epidemics of bacterial msect diseases usually occur only when 
the host IS extremely abundant This is probably because they 
are, for the most part, infectious m character, and it is only when 
the population of the host is quite dense, with the resultant fre- 
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quent contact between the individual insects, that conditions for 
infection are at their best Some of the most senous bacterial 
diseases of insects gam entrance mto the digestive tract along 
with the food. There they multiply and attack the host tissues 
The method of entrance m many instances is unknown. These 
disease organisms may attack insects m any stage, but those that 
we now consider as bemg most important are the cause of 
larval diseases 

The symptoms of the diseases vary somewhat. As a rule, 
however, the first S3rmptom appears to be a loss of appetite on 
the part of the affected larvee. Later, these larvse cease to eat 
and finally die Previous to and following death, changes in 
color usually occur Often this color change is first indicated 
by a fading and yellowmg of the natural larval colors Later, 
usually after death, the larvse become much darkened. After 
death has occurred, a rapid dismtegration of the internal tissues 
takes place until finally the skm is filled with a dark hquified 
material. Frequently, the insects suffering from one of these 
parasitic diseases will continue to hang to the plant on which 
they were feedmg, even after death 

Outbreaks of bactenal diseases are frequently correlated with 
weather conditions. Cool, moist weather followed by a warm 
period IS, in most cases, conducive to epidemics This suggests 
the probability that cool, moist weather is favorable for infec- 
tion, and that warm weather is conducive to the rapid growth of 
the organism Perhaps, under comparatively cool conditions, 
the growth of the bacteria may be sufficiently slow to permit the 
contmued development of the infected larvae, but this is only 
conjecture. 

In 1916 an mteresting and perhaps valuable bacterial parasite 
of the gypsy moth was umntentionally shipped into this country 
from Japan Glaser (1918) descnbed the symptoms and charac- 
teristics of the disease caused by this bacteria and determined, 
to his own satisfaction, that it was not previously present m 
America. This organism, descnbed as Streptococcus dispansj 
will serve well as an illustration of a bactenal parasite. 

This is one of the parasites that gams entrance into the body 
of its host, along with mgested food. The parasite lives and 
multiplies in the insect's mtestmal tract. The first effect upon 
infected larv© is to produce a violent form of diarrhea accom- 
pamed by loss of appetite. In the early stages of the disease, 
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the organism is confined to the alimentary canal, but as the dis- 
ease progresses the muscle tissues also become mvolved Fmally 
the affected larvffi cease to eat, lose all muscular coordmation, 
and die. After death they usually continue to hang by their 
prolegs. Then the tissues rapidly dismtegrate During the 
early stages of the disease the larva contaminate the fohage on 
which they are hvmg, thus passmg on the parasite to other larva 
that eat the contaminated leaves. In this way the disease 
spreads rapidly especially when the gypsy-moth larva are 
numerous 

Fungous Diseases. — ^Entomophagous fungi are not at all 
uncommon among insects and sometimes, as m the case of the 
chmch-bug disease mentioned m Chap. VI, may be largely 
responsible for checkmg an outbreak As we have previously 
pomted out, the direct use of these 
orgamsms m control is made very 
difficult, because their effectiveness 
depends upon certain favorable 
weather conditions. 

Most of the studies of these 
fungi that have been made have 
not been concerned with forest 
insects Hewitt (1912), however, 
m connection with his study of the larch sawfly, has mvestigated 
one of these diseases He found that this disease, Isanafannosa^ 
in some localities both m England and Canada, was responsible 
for the death of a very large percentage of the cocooned larvffi. 
Hewitt has shown that the larva become infected after droppmg 
from the trees m search of suitable hibematmg quarters. The 
Isaria fungus fives, as does a saprophyte, on the moss beneath 
the trees and its spores are capable of infecting larva that crawl 
over the infected moss. The effectiveness of the disease depends 
upon the abundance of saprophytic growth, which in turn 
depends largely upon moisture conditions (Fig 133) After 
having been infected by the fungus, the larvffi proceed normally 
to spm their cocoons, after which they succumb to the disease 
The external appearance of the larva changes They lose their 
greenish color, and by the time of death, become pinkish white 
Finally, the larva are completely mummified withm the cocoon 

The gi'owth of this fungus within the body of the host was not 
studied by Hewitt, and hence, we do not know exactly what the 



Fig 133 — A larcli-sawfly ooooon 
on which IS growing the entomo- 
phagous fungus, laana fartnosa 
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internal effects were. It is probable, however, that they may 
be similar to the effects of other closely related diseases In 
some of these, yeast-hke bodies appear m the blood a few days 
after infection (Speare, 1920). These cells multiply rapidly, 
increasmg m number until the blood takes on a milky appearance 
Finally, the blood becomes so filled with these blastocysts, as 
they are called, that circulation ceases and the larvse finally 
die When the blood ceases to circulate, the blastocysts, 
although they contmue to form, do not break off from the parent 
cell, with the result that colonies of mdividuals are formed that 
later become restmg spore masses The saprophytic growth on 
the moss, mentioned above, presumably arises from these spores 
When the nutriment in the blood is exhausted, other tissues are 
attacked until all the organs are destroyed 

There is some difference of opuuon concemmg the manner m 
which entomophagous fungi grow within the insect's body. Some 
authonties claim that the growth resembles branching hyphee 
Speare (1920) mamtams that, although this may be true m some 
diseases it is not the case with the species of Isaria, Sorosporella, 
and Botrytis that he has studied. These organisms, he states, 
multiply by the division of yeast-hke cells as descnbed above. 
Furthermore, he pomts out that this method of multiplication 
“seems especially weU adapted for reproduction in a liquid 
menstruum such as insect blood, the circulation of which carnes 
them to all parts of the body cavity and contmually supphes 
them with fresh nutriment." 

Polyhedral Diseases- — The consideration of an exceedmgly 
mterestmg group of insect diseases that, judging by their reac- 
tions, are supposedly caused by organisms will now be taken up 
The orgamsms, however, have never been isolated These 
diseases of msects are very similar to some of the most dreaded 
diseases of man and other mammals; hydrophobia, smallpox, 
and trachoma, for instance. They are charactenzed by the 
presence of granular bodies in the blood and m certain tissues 
In msects, these bodies are called “polyhedra." The nature of 
these polyhedral bodies has long been a point of controversy; 
some mamtain that they are chemical by-products of the 
disease organisms, whereas others claim that they represent a 
stage m the life cycle of the disease orgamsm. V^ich of these 
opposing views is correct has not yet been settled, but experi- 
ments have proved that the virus of the polyhedral diseases is 
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capable of passing through Berkfeld N candles, through which 
the granular polyhedral bodies fail to pass. 

Although their true nature is not known, these diseases are 
among the most effective parasites in the natural checking of 
outbreaks of cert am lepidopterous msects. Up to the present 
tune, the polyhedral diseases have never been found attacking 
insects other than representatives of the Lepidoptera, Among 
the most important of these diseases, in America, is the wilt 
disease of the gypsy moth and the wilt of the tent caterpillar. 
It IS possible that these may not be two distmot diseases, but up 
to the present they have been so regarded 

The gjrpsy-moth wilt is apparently identical with the Wipfel- 
krankheit of the European nun moth and was not present in 
America previous to 1900 (Glaser, 1915). Presumably it was 
accidentally mtroduced into this country long after the gypsy 
moth became firmly established Now it is distributed through- 
out the infested region whore it is of material aid in keepmg the 
pest m check. 

Like the bacterial diseases, the wilt disease is infectious. It 
gams entrance into the body of the insect through the mouth 
with mgested food After becoming established within the 
insect, it attacks and kills the blood cells and certam other 
tissues, with the result that the caterpillar usually succumbs. 
In certam instances, however, the insect is able to survive, 
complete its development, emerge as a moth, and reproduce 
itself without showing any external indications of the presence of 
the disease. In such mstances, the infection may bo passed on 
through the egg to the progeny Because of the presence of 
these chronic carriers, one can never be siu'e that the disease is 
Qot present, even though the caterpillars in a locality may 
appear to be healthy. Under high temperature conditions, 
these chronic cases may become acute with the result that the 
lost wiU be kiUed and an epidemic will be started among 
jhe larvffi. 

Epidemics of wilt have been especially common whenever the 
?ypsy moth has become very abundant and stripped most of the 
bliage from the trees on which they were feeding. Under such 
3onditions, the larvae are exposed to much higher temperatures 
han normal, because the direct TSiys of the sun can shine through 
he crowns of the trees upon them. When once the disf'ase 
ireaks out, the mortality is cxceedmgly great. Sometimes it 
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amounts almost to extinction In Europe, the outbreaks of this 
disease among the nun-moth caterpillars have, hkewise, fre- 
quently resulted in almost the complete extinction of the host. 

The larvae, when infected with the wilt disease, first become 
sluggish and then stop eatmg. Before dymg they have a tend- 
ency to climb high up in the trees and, after death, they remam 
there hanging by their prolegs The tissues of the body become 
darkened, decomposed, and liquefied. The larvae hang flaccid 
until finally they are completely disintegrated, and they then dry 
upon the tree. These dned smears that were once larvae remam 
infectious for a long time, and it is thought probable that plants 
on which nun- or gypsy-moth larvae had died may have been 
shipped from Europe into this country, thus brmging about the 
moculation of the gypsy moth m America 

PARASITIC INSECTS 

Of all the groups of parasites that attack msects, the parasitic 
insects have received most attention from entomologists. Para- 
sitic msects do not constitute a phylogenetic umt but are to be 
found m many different orders of insects, and in widely divergent 
families withm those orders The great majority of the most 
valuable species belong either to the Hymenoptera or the 
Diptera. 

General Characteristics. — The adult stages of parasitic insects 
vary greatly m form, but the larval stages are very similar in 
appearance. The larvse are practically aU legless grubs, maggot- 
hke m form Most of them are able to move about only with 
difficulty The mouth parts are, without exception, much 
reduced or m some instances they may be vestigial Thus, they 
are speciahzed for a mode of life which is characterized by an 
abundance of easily obtainable food, and they illustrate the 
condition that is called specialization by reduction of parts 

The adults, on the other hand, are specialized to insure suc- 
cessful infestation of the host This is accomplished m a number 
of different ways by the parasites belonging to the various groups 
The SarcophagidsB and some of the Tachimdse are laiwiparous 
This adaptation, by ehminatmg the helpless egg stage, increases 
the probabihty of successful entrance of the paiasitc into the 
host Those Tachinidae that are not larviparous stick their eggs 
firmly to the body of the host Most of the Ichneumonoidea are 
provided with an elongate ovipositor which they thiust cither 
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into the host or into its cocoon, and there deposit their eggs. 
Others of this same group are said to place their eggs in the 
galleries of wood borers, and the larvae when they hatch creep 
along the gallery until they find the host. Megarhyssa {Thaleasa) 
lunator (Fig 30), which is one of the largest of the Ichneumonidae 
and a parasite upon the pigeon tremex, Tremex columbaj is said to 
have this habit But m view of the fact that the borers of the 
family Sincidae, of which the pigeon tremex is a member, pack their 
burrows full of fraes as they progress, the eggs of the parasite 



Fia 134 — A hYperpD.rfiaite, Dibrachy 8 bouchoanua (Bureau of Entomology, U S 

Dept Ayr) 


must be placed very near the host, if not actually on its body. 
The large ichneumomds are remarkable for the fact that they are 
able to drill through sohd wood, m order to place their eggs m a 
favorable position m or near their host The Chalcidoidea are 
■ti-nqllftr than most of the ichneumomds, and usually deposit their 
eggs within the body of their host, although some species of this 
group, as well as some of the other Hymenoptera, are able to feed 
externally In the case of external feeders, the host usually dies 
30 on after it is attacked or, m some instances, is killed by the 
adult parasite at the time of oviposition (Graham, 1918) The 
Bmallcst of the hymenopterous parasites are the Proctotrupoidea 
Many of these tmy insects parasitize eggs, whereas others are 
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larval parasites As a rule, if they are larval parasites, they 
attack only small insects 

Parasitic insects are sometimes limited to a single host These 
are called ^'specific parasites ” Others are able to attack a num- 
ber of closely related species, whereas still others are general 
parasites, because they are able to attack and parasitize a great 
many different species. 

Insects that are parasitic upon other insects are often regarded 
as being always beneficial to man^s mterests, m as much as they 

reduce the number of injurious 
species Such a generalization is 
not entirely safe, however, for 
there are parasites that attack 
either predaceous msects or in- 
sects useful to man m other ways 
Thus, some insect parasites may 
be mjunous Those species that 
attack and parasitize other para- 
sites are called secondary or 
hyperparasites (Fig 134) Hy- 
perparasitism is known to occur 
to the third, fourth, and, possibly, 
fifth degree. This force reduces 
the effectiveness of parasites m 

Fig, 136 — A paraato attacking a holdmg down Losect numbers and 
predator The larva of an ichneu- jj j. i j. u 

mon parasite attached to a spider tO tue complexity 01 the part 

{Bureau of Entomology, u s Dept played by parasites m enviTon- 

mental resistance (Fig 135). 

The order Hymenoptera contains more species of parasites 
than any other insect order. In fact, three superfamilies are 
made up almost entirely of parasites and are often given the 
group name, parasitic Hymenoptera These three superfamilies 
are the Ichneumonoidea, the Chaloidoidea, and the Proctotru- 
poidea. A representative from each of the first two of these 
groups will be discussed. Next to the Hymenoptera in number of 
parasite species comes the.Diptera One important representa- 
tive of this order wiU be discussed 
• The Ichnetunonids. — One of the ichneumomds about which 
much has been written m recent years is Apanteles melanoscelus^ 
an introduced parasite of the gypsy moth m New England (Fig 
136). This IS a small black insect, about 3 millimeters in length 
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It was introduced mto this country from Europe, where it is 
one of the most effective of the natural enemies of the gypsy moth. 

This insect possesses many characteristics that, from the view- 
point of man, are desirable in a parasite Its biotic potential is 
exceedingly high. Crossman (1922) states that it is safe to 
assume that each female is capable of depositing in the neighbor- 
hood of 1,000 eggs Although no data are given concemmg the 




'la 130— Adult and larva of A7)a7Uflcs mdanoHcdus {Bureau of Entcnnolomi 
U S Dept Ayr ) 


ex ratio, ho infeis that the sexes arc approximately evenly 
mded or that perhaps there may be an excess of females over 
rales In as much as this species is not polyembryonic, the 
lotic potential would be in the neighborhood of 600 for each 
oncration The life history of Apantolcs is peifectly synchro- 
izod with that of the gypsy moth It is active and persistent m 
s attempts to place an egg m its host and, under laboratory 
inditions, it will parasitize one larva after another for periods of 
•om 30 minutes to 1 hour, as rapidly as they can be presented. 
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Still another advantage that this parasite possesses is its 
ability to parasitize a number of small hairy caterpillars. In 
Europe, it is reported as a parasite of only the gypsy moth and 
the satin moth. In America, however, it attacks the tent cater- 
pillar, and several tussock moths as well as the gypsy moth and 
the satm moth This abihty to transfer its activities to other 
species makes it possible for this parasite to mamtain itself m 
spite of the penodical scarcity of gypsy-moth larvsB. 

Unfortunately, however, this insect suffers greatly from the 
attack of secondary parasites and ants, especially while it is mthe 
overwintermg stage. These reduce its numbers materially thus 
preventmg it from bemg as effective m checking the gypsy moth 
as it might otherwise be Crossman (1922) reports a maximum 
of 10 per cent secondary parasitism m the first generation and 75 
per cent for the second or overwintermg generation. But m 
spite of this high percentage of loss, a simple calculation will 
indicate that factors of environmental resistance, other than 
secondary parasites, are operatmg agamst Apanteles and are 
playing an important part m reducmg the numbers of this para- 
site. Otherwise, with its high potential, it would be able to 
overtake and exterminate its host in a very few years after becom- 
ing established m a locality, m spite of its secondary parasites. 
One of these resistance factors is, undoubtedly, the untimely 
death of many hosts, from other causes, before the parasites 
within them have reached full growth; for, obviously, when the 
host dies the parasite withm it must die also 

The life history of Apanteles melanosceliLS is similar m all but a 
few respects to that of other ichneumomds (Crossman, 1922) 
Perhaps the most unusual feature is the fact that two generations 
of the parasite occur durmg the larval period of the host. Adults 
of the first generation emerge from their overwintering cocoons at 
about the time the gypsy-moth eggs are hatching In the 
average season, this begins about the middle of May. This 
emergence extends over a period of about 3 weeks The female 
parasites are able to begm oviposition very soon after they 
emerge 

The act of oviposition requires only a second. The parasite 
comes up to a host larva, quickly inserts her ovipositor, lays a 
single egg, and withdraws her ovipositor in an almost unbe- 
lievably short space of time. Sometimes the caterpillar may 
struggle about and even may fall from the tree m its attempts to 
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avoid the attacking parasite, but, according to Grossman, on 
whose statements this account is based, these attempts at 
evasion are usually futile 

In from 48 to 72 hours the eggs hatch, and the larvse make 
their way to the dorsal part of the 
cavity Here they usually remam 
until they are ready to emerge 
They feed upon the fat cells and 
lymph of the host until they have 
passed through two mstars. The 
third mstar larvae, of this first gen- 
eration, leave the host m from 7 to 
13 days after the time they were 
inserted as eggs — a rather short 
period of development even for an 
insect 

The emerging larvae spin their pale 
yellowish cocoons near the place at 
which they emerge, and there trans- 
form to the pupal stage (Fig 137) 

A period of from 5 to 9 days are 
required before the adults emerge 
Thus, the entire first generation 
cycle may only require 14 days, 
although some mdividuals may 
require as long as 26 days 

In the meantime, most of the 
gypsy-moth larvae that escaped par- 
asitization, or other mishaps, have 
only reached the third mstar and 
gtill are sufficiently small in size 
material for the second generation of Apanteles The few, 
however, which have passed beyond the third mstar are for- 
tunate, for their larger size and longer hair wiU make them 
much less susceptible to attack than are their smaller brothers 

Oviposition begins soon after the adult parasites emerge. The 
iarvjB of the second generation develop more deliberately than 
those of the first. They requue from 13 to 21 days to reach the 
third mstar or almost twice as long as the time required in the 
Brst generation The third mstar laivJB of the second generation 
3 pm cocoons that differ somewhat from those of the first genera- 


postenor end of the body 



Fia 137 — Cocoons of Apanteles 
melanoacdue {Bureau of Entom- 
oloov^ U S Dept Agr) 


to provide suitable host 
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tion They are a trifle heavier and are a sulphur-hke yellow in 
color Within these cocoons the larvae pass the winter The 
following spring, about the time the first gypsy-moth eggs hatch, 
these overwintering larvae, if they have survived the attacks of 
then- enemies, transform to the pupal stage and, shortly there- 
after, emerge as adults ready to start another 




sprmg generation of parasites. 

The Chalcids. — The superfamily Chalcidoidea 



of the Hymenoptera contains a tremendously 
large number of species which differ more or 
less from one another in habit. Some of them 
are external or ectoparasites (Figs. 138, 139), 
whereas others hve withm the host and are 
called “endoparasites Some of them have a 
number of generations durmg a season, whereas 
others may have only one or two Some are 
confined to a single host Others are general 



Fig 138 Fig 139 

Fig 138 — The larva of Eurytoma pisaodis, an octopnrasito of the whito-pine 
weevil 

Fig 139 — Pupco of the ohalcid, Eurytoma piasodis 


parasites They are all rather small in size and are usually 
black or iridescent m color 

The complete hfe histones of very few American species attack- 
mg forest insects have been studied m detail. One species, 
however, was studied by Hewitt (1912) which will serve well as 
an illustration of the chalcidoid group. This happens to be one 
of the Pteromehdse, Coelopisthia nematioida, and is an external 
parasite of the prepupal stage of the larch sawfly. Hewitt 
considers it to be one of the most effective of the larch sawfly 
parasites. 

It is known to be distnbuted throughout the eastern part of the 
United States and Canada wherever the larch sawfly occurs, and 
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in all probability it is to be found throughout the entire range of 
the sawfly m America 

The wmter is passed in the larval stage within the cocoon of the 
sawfly The adults emerge m May or early June while many of 
the sawflies are still m the prepupal stage. These adults are 
very small, black insects about 2 millimeters in length They 
immediately seek out cocoons containing healthy prepupse and 
deposit their eggs (Fig. 140). The oviposition of this insect is 
very different from that of Apanteles The female, with dehber- 
ation, thrusts her ovipositor through the cocoon that contains her 
victim, and there she remains almost motionless for a long time 
Hewitt observed one female which remamed 
with her ovipositor mserted mto the cocoon 
for a penod of 1)^ hours, and later, after a 
rest of 20 mmutes, agam inserted her ovi- 
positor, this time remaining m the oviposition 
position for almost an hour. The eggs hatch 
in about 3 days 

The larvas of this parasite, hke the adults, 
are very small and as a result it is possible 
for a number of them to develop on a smgle 
sawfly prepupa It is not at all uncommon to find from 50 to 
75 of these parasites feeding within a smgle sawfly cocoon. 
It is probable that a single female may lay her entire quota of 
eggs in one or two cocoons, although we cannot be sure, for no 
data are available on this point 

The parasitized prepupa appears to be stupefied or dead even 
before the parasite eggs have hatched Later on, after the 
larval parasites have begun feeding upon the blood and other 
tissues, the host is obviously dead Before the parasite larvfB 
have fully developed the host is almost entirely decomposed 
This condition is very similar to that observed in the bee-moth 
larvtE parasitized by a closely related pteromehd (Graham, 1918). 
In that instance the host larvfie were killed by the parasite at 
the tune of oviposition 

The larval stage requires about 12 days for its completion. 
When fully developed, they transform to the pupal stage within 
the cocoon of the host and later to the adult stage. The adults 
cut their way through the cocoon and emerge to seek new hosts 
About 23 days is required for development under ideal condi- 
tions This period is probably considerably lengthened under 



!Fig 140 — Coelopis- 
th%a nematLcida^ a ohal- 
cidoid parasite of the 
larch sawfly, laying her 
eggs m a sawfly cocoon 
{E7itomolog%cal Branchy 
Can Dept Agr) 
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the cool conditions that exist in the tamarack swamps. On the 
basis of laboratory experiments, Hewitt concludes that 6 broods 
may be developed durmg a season This may be possible under 
especially favorable conditions, but it is doubtful if this many 
generations occur in nature. 

On first thought, it would appear that an insect of this sort, 
with a series of short generations, would be hmited in its effective- 
ness as a parasite by the unavailabihty of suitable host material 
at certam seasons Although this is true to a certam degree, 
it IS not such an important lumtmg factor as might be expected. 
This is because sawfly prepupse are available at practically any 
time during the growmg season The period of greatest scarcity 
is durmg June, but even at that tune many that have been 
delayed in emergence can be found Thus, the parasites can 
obtam smtable host material at almost any season. 

Questions on Literature 

1. How may the Ichneumonoidea be distinguished from the Chalcidoidea 
and the Proctotnipoidea? 

2 How is the fact explamed that only males of certain parasites emerge 
from certam small larvse? 

3 What do the adult hymenopterous parasites feed upon? 

4 Is there any relation between the length of life and the rate of activity 
of parasitic Hymenoptera? 

6 What IS the effect of temperature and light upon the activity of 
hymenopterous parasites? 

The Tachinids. — Among the parasitic Diptera the various 
species of the family Tachmidse, are probably the most valuable 
destroyers of forest pests Like other groups of parasites, 
however, they are not all beneficial for some parasitize beneficial 
insects (Colhns and Hood, 1920) The habits of the tachimd 
parasites vary considerably. Some of them are oviparous where- 
as some are larviparous. The oviparous species usually glue 
their eggs tightly to the body of the host to prevent their being 
rubbed off before they hatch The larvse in those species that 
are larviparous are either deposited on the body of the host or are 
inserted by means of the larvipositor withm the host’s body 

One of the imported tachimd parasites of the gypsy moth that 
has become firmly estabhshed in Amenca is Compstlura conain- 
nata. It attacks not only the gypsy moth but also the brown- 
tad moth, the fall webworm, the white-marked tussock-moth, 
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the forest tent-caterpiUar, and many other native insects (Fig. 
141). In fact, if it were not for its ability to adopt these new 
hosts when mtroduced mto this country, it could not have become 
estabhshed here. Smce its estabhshment it is said to have 
exercised a decided controUmg influence upon some of our native 
pests as well as upon the foreign gypsy and brown-tail moths 
(Culver, 1919). It has also played an important part m the 
control of a more recently introduced European pest, the satin 
moth 



Fig 141 — Tho adult of CompaUura concinnata, an imported taohinid paraaito of 
the gypsy and brown-tail moths {Bureau of Entomology ^ U S Dept Agr ) 


Compsilura is widely distributed throughout the parts of 
Europe where the brown-tail moth is found. It has been mtro- 
duced mto America from no less than 10 different European 
countries and possibly from Japan. From this we are justified m 
assuming that it is a fairly common parasite m its native lands. 
It IS a rather large, robust, hairy fly about 7 millimeters m length. 
Its coloring is a combmation of black and white which gives the 
insect a gray appearance. 

Compsilura is one of those larviparous tachinids that place their 
larviB within the body of the host In parasitizing its host the 
adult female darts quickly at a near-by caterpillar, pierces the 
skin with a strongly chitmized piercing organ, inserts its larvi- 
positor, and deposits a larva before the host insect can escape 
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The IsiTVSB, according to Culver, are usually inserted into the 
intestine; later they attach themselves, by means of anal hooks, 
to some part of the tracheal system, often near a spiracle There- 
after, oxygen is obtained from the tracheal system of the host 
through the anal spiracles which are pushed tightly backward 
against the place of attachment Thus, the caudal end of the 
body is attached while the cephahc end hes free withm the body 
cavity of the host 

At the end of the third instar, the larvse, then being full grown, 
leave the host for pupation The pupal stage may be passed in 
bark crevices, m the webs of some host like the tent caterpillar or 



Fig 142 — ^Pupanum of the tachmid fly, CompsUura concinnata {Bureau of 
Entomology, U S Dept Agr) 

the brown-tail moth, or in the surface layers of the soil. As is 
the case with most of the other Diptera, Compsilura pupse are 
enclosed m pupana and not m cocoons. A puparium is the dry, 
brown, larval skm of the last instar larva (Fig 142 ) 

Compsilura concinnata is active from the beginning of May to 
the last of October Dunng this penod, they pass through three, 
somewhat over-lappmg, generations The first adults that 
emerge in the sprmg must, as a rule, depend for host material 
upon caterpillars of species that overwmter in the larval stage. 
One such species is the brown-tail moth A little later, in May 
and June, caterpillars that have hatched from overwintering 
eggs become available. Among these are the gypsy moths and 
the tent caterpillars. These insects serve as hosts for the ovor- 
wmtering generation of the parasite The second-generation 
adults appear m late June and July They find a great variety of 
hosts available (Webber and Schaffner, 1926) The third-gener- 
ation adults of Compsilura emerge in August and September 
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At that time, comparatively few host species are available 
Doubtless, this condition hmits the number of the parasites 
From the preceding discussion it is evident that the host 
relations of this parasite are exceedmgly important m determm- 
mg its effectiveness m insect control. If secondary hosts are 
present m adequate numbers to make possible the mamtenance 
of correspondingly large numbers of the parasite, it will be 
effective If at any time dunng the active season the necessary 
supply of secondary hosts should fail, then the numbers of the 
parasite would be so reduced that it might not be effective at 
other seasons even when hosts were abundant. The critical 
period for Compsilura appears to be during the third, or over- 
wmtenng, generation. 


Questions on Literature 

1 What other tachimd parasites have been introduced mto Amenca for 
the control of the gypsy moth? 

2 Are most species of tachmid flies general or specific parasites? 

3 What are some of the more important hosts of the third generation of 
Compinlura conannataf 

4 What has been the effect of Compsilura upon native parasites? 

6 Why is this parasite more effective than some of the other tachimds? 
6 What IS the effect of temperature upon the development of Compsilura? 
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INSECTIVOROUS PREDATORS 


It has already been seen that representatives of insectivorous 
predators are to be found m many different groups of animals 
To discuss all of these would be far beyond the scope of this book. 
Consideration, therefore, will be confined to some of the more 
important of them 

PREDATORY INSECTS 

It is impossible to say which of the insectivorous predators are 
the most valuable from man's viewpomt, but it can be said, 
without fear of contradiction, that some of the most important 
of them are insects. The predatory insects are found m a num- 
ber of different families in several orders Some of the most 
effective m the forest are members of the Chrysopidas, the 
CoccmeUidsB, the Clendae, the Carabidse, and several families of 
the Hemiptera Important examples of these 
families will be discussed m the following pages 
The Lace-Wing Flies. — Members of the family 
Chrysopidse, of the order Neuroptera, are com- 
monly called lace-wmg flies (Fig 143) These 
msects are predaceous in both the larval and 
adult stages upon other small insects They are 
especially fond of aphids but they also eat 
"e^g.'i 43— Alai^ iBsects, Small caterpillars, and other small 

wmg-fly larva feed- arthropods. It IS only because larger msects 

defend themselves against attack that 
they do not fall prey to lace-wing flies 
These predators are useful as destroyers of aphids, especially 
when outbreaks of these insects occur late in the season 
Unfortunately, the lace-wing flies are not sufficiently numerous in 
the early part of the summer to be of much aid in reducing the 
number of other insects at that time of year As the season 
advances they become more and more numerous 
The rapid increase m the number of the lace-wings, as the 
season advances, is made possible by the short life cycle of some 
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of the more common species Some of them pass through three 
or four generations dunng a season. Other species, however, 
do not multiply so rapidly. In fact some may only pass through 
one generation dunng a year These latter species are, of course, 
not important predators because they never become very 
numerous. 

The adult lace-wmg fly is a slender fragile-appearing insect, 
about ^ mch m length, with delicate, many- veined, membranous 
wmgs. The wmgs, when at rest, are folded agamst the body 
and meet over the insect's back in a form resemblmg a tent. 
The adults present anythmg but the appearance of predators 
The larvss, on the other hand, look qmte ferocious. They are 
elongate, somewhat flattened, and have a pair of long-curbed 
mandibles projecting forward from the mouth. These mandibles 
are hollow and it is through them that the mseot sucks the blood 
of its prey 

The habits of the lace-wmg flies present a number of interesting 
features, the first of which is the habit of oviposition (Smith, 
1922) When a female lace-wmg is ready to lay an egg she touches 
her abdomen to the surface of the leaf or other object on which 
she IS restmg A drop of viscous fluid exudes from the end of her 
abdomen Then she puUs the drop of hqmd out into a slender 
thread by raismg her abdomen The thread qmckly hardens m 
an erect position and on the top of it an egg is deposited In this 
way, the eggs are held almost inch above the surface to which 
they are attached This method of placing the eggs on a stalk 
raises them out of reach of the camubalistic lace-wmg larv© and 
other predaceous msects. 

When the larvsD hatch from the eggs, they immediately start 
out in search of food Almost any insect that is small enough to 
be held is attacked, impaled upon the mandibles, and drained of 
its blood When food is abundant and temperature conditions 
are favorable, the larvse grow rapidly They moult twice before 
they complete their growth. 

When the third instar larva are full grown, they spin about 
themselves a light silken cocoon The cocoons may be located 
in bark crevices, on the lower side of a leaf, or m some other more 
or less secluded location Within the cocoon the larva passes 
through a prepupal stage before transforming to the pupal 
stage Dunng the summer months, the pupal stage is completed 
in several weeks When pupation occurs in the autumn, on the 
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other hand, the pupal stage continues over winter and the adult 
does not emerge until early the following spring 

The lace-wing flies, because of their good work in destroying 
aphids, are generally very beneficial insects. In some mstances, 
however, their predaceous prochvities are not so much to be 
desired Occasionally, they may attack and kill the larvae of 
coccmellids or other beneficial orgamsms. But m as much as 
this usually occurs only when aphids, scales, or other small 
insect pests are not numerous, it is not so senous as it might 
otherwise be. 

Questions on Literature 

1 What IB the most common species of chrysopid in the eastern half of 
the United States? 

2 How do the silk glands of the lace-wing flies differ f i om those of the true 
caterpillars 7 

3 In what way do some of the lace-wing flies protect themselves from 
observation durmg the larval stage? 

4 With what other groups of predators do the lace-wmg flies compete? 

5 What are some close relatives of the lace-wing flies that are predaceous ? 

The Ladybird Beetles. — The CoccinellidsB are membeis of the 
order Coleoptera. They are for the most part predaceous. The 
adults of this family are called “ladybird beetles” (Fig 144) 
Like the lace-wing flies, these insects are predaceous upon small 
insects in both the adult and the larval stages Aphids or scale 
insects are their usual prey, but they will feed upon small cater- 
pillars, mites, or almost any small organism that they may find 
In one instance, a comparatively large coccinellid, the fifteen- 
spotted ladybird beetle, Anatis ocellata, was partly responsible 
for checkmg an outbreak of the spruce budworm on jack pine 

The life cycle of the ladybird beetles, as might be expected, 
varies somewhat with the species. Many of them have two or 
more generations even in northern latitudes while in the South 
a stiU greater number may be completed The insects pass the 
wmter m the adult stage, hidden away m some protected location 
Many of them may creep mto buildings for the purpose of hiber- 
natmg. When spring arrives, the beetles leave their winter 
quarters and seek out suitable places for oviposition The eggs 
are laid m a variety of ways depending upon the species One of 
the California ladybirds, Rhizobius veutvciltSj deposits its eggs 
beneath the scale of the black-scale insects The larva 3 that 
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hatch from these eggs feed upon the eggs of the scale (Quayle, 
1911) 

Some of our more common native species deposit their eggs m 
groups on the surface of the fohage upon which their prey feeds. 
The eggs are usually yellow in color and resemble somewhat those 
of some of the chrysomelids, the leaf beetles The larv© that 



Fio 144 — Tho four stages in the development of a ladybird beetle from egg to 
adult {Bureau of Entomology, U S, Dept Agr ) 

hatch from these eggs are campodeaform and active Immedi- 
ately after hatching, they begm to search for food. These larvae 
are strange-lookmg creatures Many of them are mottled with 
contrasting colors and are covered with branched spines Their 
mandibles are long and sharp so that they are well equipped to 
capture small insects. 

After the larvae complete their growth they transform, usually 
on the tree, to the pupal stage These pupa are naked and are 
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often found in very conspicuous places Apparently most of 
these insects make no effort to seek a secluded place for pupation 
The beetles that emerge from the cocoons durmg the summer lay 
eggs immediately for another generation, whereas those that 
emerge in the autumn seek out a smtable place for hibernation 
and there spend the winter. 

Questions on Literature 

1 What ladybird beetles are especially valuable predators of the San 
Jos4 scale? 

2 Into what part of the United States have a number of ladybird beetles 
been introduced? 

3. How many eggs will a ladybird beetle usually lay? 

4 Are all ladybird beetles predaceous? 

5 At what season are these beetles most effective m controUmg aphids ? 

The Checkered Beetles. — The family of beetles known as the 
ClendsB is made up of species that are predaceous, for the most 
part, upon insects that tunnel into the bark, wood, or tips of trees 
The most common species in eastern Umted States is called the 
“American bark-beetle destroyer,” Thanasimus duhius This 
species feeds almost exclusively upon various species of bark 
beetles. 

The bark-beetle destroyer is large for a clerid. It measures 
nearly 3^ inch in length. It is very bnghtly colored The 
ground color is red and on this background are markings of black 
and silver m transverse bands across the elytra. This type of 
marking is characteristic of the group and is the basis for the 
common name of the family, the checkered beetles These 
insects are predaceous m both adult and larval stages The 
adult preys upon adult bark beetles, whereas the larvae feed upon 
the immature stages. 

The eggs are deposited in the tunnels of bark beetles The 
larvae are more or less grub-like in form with poorly developed 
legs but with powerful mandibles. They are usually pinkish m 
color. The larvae are not at aU uncommon beneath the bark 
of trees infested by bark beetles They feed upon both eggs and 
larvae When they are numerous they materially reduce the 
bark beetles in number When they complete their development 
the larvae cut their way mto the outer bark. There they hollow 
out cells for themselves m which they pass through the pupal 
stage 
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According to Hopkms (1899), this insect may pass the winter in 
iny stage of development from larva to adult In the spring, 
,he beetles emerge m tune for the spring flight of the bark 
leetles They may run rapidly over the surface of trees and 
ogs looking for their prey, or they may hide beneath a bark scale 
waiting to pounce out upon any unfortunate bark beetle that may 
)as8 by 

Questions on Literature 

1. What species of checkered beetles are especially important m the 
ontrol of certain western bark beetles? 

2 Are the clerids subject to the attack of parasites? If so, what are they? 

3 What clend was introduced into America in the hope that it would 
eoome established and aid in the control of bark beetles? 

4 Are clends specific or general in their feeding habits? 

6 What are some of the distmguishing characteristics of the checkered 
eetles? 

The Calosoma Beetles. — The ground beetles, or carabids 
145), belonging to the genus Calosoma are among the 
nportant predators of lepidopterous larvae and pupce The 
abits of these beetles have been studied in great detail in con- 
ection with the gypsy moth investigations in New England 
Burgess and Collins, 1917). The beetles of this group are 
mong the largest of the ground beetles. 



n 145 — Throe typical carabid boetlos The boetles of this family ore pre- 
daceous in both adult and larval stages (JJnvoenniy of M%nne80ta ) 

In a general way, the hfe cycle of the calosoma beetles is very 
milar for all the species that have been studied The eggs are 
jposited in the ground at a depth of from 4 to 6 mches, either 
Qgly or in groups of two or three After an meubation period 
■ from 3 to 15 days, the eggs hatch and the larvae make their way 
Dward to the ground surface, where they proceed to search for 
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food. They prefer lepidopterous larvae, but they will eat other 
insects if forced to do so by hunger 

At the end of the third mstar the larvae have completed their 
growth. Then they again penetrate mto the soil where they form 
for themselves earthen cells m which to pupate After from 10 to 
15 days m these cells the adult stage is attained. 

Some species, as soon as they have transformed to the adult 
stage, emerge and feed dunng the latter part of the summer and 
autumn Later they agam bury themselves in the ground for 
hibernation Others, like the fiery hunter, remam in the young 
adult stage withm their pupal cells until the following spnng 
So far as IS known, aU the calosoma beeltes are unusually long 
hved Burgess and Colhns (1917) report that m the field they 
may undoubtedly live, unless they meet with some accident, 
for at least 3 years. They report that one adult has lived for 
more than 4 years. Those beetles that lay eggs freely during 
their early life do not hve as long as others that do not reproduce 
BO freely. 

Both the adults and larvse feed upon lepidopterous caterpillars 
The species eaten will, of course, vary with the season and will 
depend upon the species available when feeding is going on In 
New England the gypsy moth is a favorite prey 

The adult beetles will climb the trees in search of food, but the 
larvffl of most species feed almost exclusively upon the ground 
One outstanding exception to this is the fiery hunter, mentioned 
previously This insect climbs trees in both the adult and larval 
stages and is, therefore, a much more efficient factor of environ- 
mental resistance than any of our native species of the genus 

Questions on Literature 

1 When was the fiery hunter first introduced mto America? 

2. What important native forest pest has been controlled, m part at 
least, by a native calosoma beetle? 

3. What factors of environmental resistance limit the effectiveness of 
calosoma beetles? 

4. What are some of the natural enemies of these beetles? 

6 Is there any hkehhood that the fiery hunter may ultimately be reared 
in sufficient numbers, and at a sufficiently low cost, to make it a practical 
means of controlling lepidopterous insects in forests? 

The Predaceous Bugs. — The order Hemiptera, in addition to 
the numerous species that suck the sap of trees, includes a great 
many predaceous species These predaceous forms are found in a 
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number of different families All the members of the family 
Reduviidffi, or assassm bugs, are predaceous and most of them 
are predaceous upon insects One of the well-known members of 
this family is the wheelbug, Anlus cnstatus This msect is 
common throughout the eastern and central Umted States south 
of the latitude of New York City (Fig 146) 



Fig 140 — The various stages of the wheelbug, Artlua cnatatua {Comstock, 
An IntrodiLction to Entomology ") 

These wheelbugs lay their eggs upon plants or other objects m 
groups of 50 or even more The young nymphs that hatch from 
these eggs are bright red in color with rather long legs and long 
four-jointed antennae They run about over plants seeking msect 
food In the early stages they feed for the most part upon aphids 
and other small insects As they mcrease in size they feed on 
larger insects When they are full grown they are ^ mch in 
length and are able to attack and kill insects of considerable size 
Another family of the Hemiptera that contains predaceous 
species IS the family Pentotomidse Some species of this family 
feed upon the juices of plants but many suck the blood of other 
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insects during at least a part of their lives. These predaceous 
species are often called soldier-bugs 

One of these soldier-bugs is Podtsus plaadus (Fig 147). When 
in the adult stage, this predator is nearly 3^ inch m length and 
in color, yellow mottled with brown It is predaceous upon 
many different species of caterpillars. Felt (1906) records the 
following species as being fed upon by this insect - the tent cater- 
pillars, the pme sawfly, the senatorial oak caterpillar, the currant 
worm, the spiny elm caterpillar, the fall web- 
worm, the white-marked tussock-moth, and the 
gypsy moth 

The winter is passed by Podisus pladdus m the 
adult stage. The overwmtering adults appear in 
the early spring and after feedmg for a week or 
two lay their eggs m groups on the under side of 
leaves or in other convement places. When the 
young nymphs emerge, they are red and black m 

Fio 147.— The color Unlike the adults and older nymphs, the 
nymphs are not predaceous Instead, 
tns This species they are phytophagous and feed upon the plant 
v^ty^oTo^OTm- juices that they suck from the leaves of trees or 
sect flpeciea. (Feitf ehrubs N ot Until they have hved on a vegetable 
^ period of about 2 weeks do they adopt 
the predaceous habit Then they more than com- 
pensate for the msignificant amount of mjury that has resulted 
from their feeding on the leaves by destroying numerous destruc- 
tive insects. This soldier-bug has two generations in the North 
In the South it may have still more Several other families of 
the Heteroptera are predaceous upon msects, but none of them 
are as valuable predators of forest msects as the two discussed 
above. 

Questions on Literature 

1 What common name ib frequently applied to the family PentatomidsB'i* 
Why? 

2 What sinulanties exist m the egg-laymg habits of the predaceous 
Henuptera? 

3 Are there hemipterous msects that are predaceous upon animals other 
than insects? If so, what are some of them? 

4 Are the soldier-bugs eaten to any great extent by birds? 

6 What factors of environmental resistance prevent the predaceous 
Henuptera from becommg so abundant that they exterminate the species on 
which they prey? 
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OTHER PREDATORS 

In addition to the insect predators discussed in the preceding 
section, there are a number of other groups of msectivorous pre- 
dators that should at least be touched upon briefly Among 
these are some other arthropods 
Arthropods Other than Insects. — Among the organisms that 
prey upon insects the spiders and the mites should not be 
overlooked. It is a matter of common knowl- 
edge that spiders are highly insectivorous. 

They not only catch flies, and certain other 
more or less innocuous insects, but they also 
Feed upon small larvse of various kmds. The 
epiders that spin webs frequently capture larva 
that drop on threads and are blown about by 
the wmd. Those spiders that actively hunt 
their prey are probably even more effective 
in the capture of larvae. 

Strange as it may seem, however, no one 
has pubhshed the results of any quantitative 
study concerning the effectiveness of these 
animals It must be admitted, however, that 
spiders must exert a tremendously important 
nfluence upon the insect life m the forest 
The study of the effects of spiders upon Piq i 48 — Tiiepr&- 
orest msects offers a fertile field for future da'0e<^ mite. 

aarcoptea malua, one 

nvestlgators of the important ene- 

Likewise, when the hterature is examined tiie oyrte^ 

or facts concerning the predaceous nutes, a ogical Branch, Can 
iecided shortage of information is found. 

One of the few that has been studied is the egg-destroying mite, 
Hemisarcoptes maliis (Fig 148), which exercises an important 
lontrolling influence upon the oyster-shell scale (Tothill, 1918). 
[n some localities this mite is the most effective single biotic 
actor of environmental resistance Doubtless, many other 
Dredaceous mites play an equally important role, but, unfortu- 
lately, comparatively httle is known about them. 

Insectivorous Vertebrates. — Another group of orgam*sms that 
las already been mentioned as bemg msectivorous is the Verte- 
irata Some workers believe that this group contains some of 
he most effective insectivorous ammals. Whether or not they 
ire the most effective can only be a matter of conjecture until 
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available accurate quantitative data are secured on which to base 
a conclusion, but there can be no doubt that these organisms play 
an unportant part m reducmg and holdmg down insect numbers. 

General observation is sufficient to indicate that skunlcs, shrews, 
mice, and other mammals destroy great quantities of insects on 
or in the ground. It has been shown that mice and shrews are, 
at least m certam years and m certain localities, many times more 
effective in reducing the abundance of the larch sawfly durmg 
the cocoon stage than all the parasites combmed (Graham, 1928). 

But of all the vertebrates, the birds are probably the most 
important insect eaters. McAtee (1926) mentions numerous 
mstances in which buds have brought msects under control. He 
cites the case of the snow-white hnden moth that once was an 
exceedmgly injurious pest of shade trees With the introduction 
and estabhshment of the Enghsh sparrow in the cities and towns 
of this country, the linden moth has become a rare insect 
Instances are cited in which birds have destroyed from 16 to 
89 5 per cent of all the fall webworm larvse in certain localities 
(Tothill, 1922) In a study of the natural agencies that control 
the white-marked tussock-moth, Dustan (1923) reports that 
almost every egg mass above the snow hne was either partially 
or wholly destroyed by birds This amounted to 90 per cent of 
the egg masses The cankerworms, the tent caterpillars, the 
gypsy moth, in fact practically every kind of leaf-eating insect 
is fed upon by many species of birds. 

Even the birds which are usually considered as bemg phytoph- 
agous are, without exception, insectivorous during the nestling 
stage. The fact that the nesting season of most birds coincides 
with the season of greatest insect abundance leads to a great 
abundance m number of msect-eating birds durmg that season 
Undoubtedly, the ability of many species of birds to change from 
insect to plant food, and mce versa, makes it possible for more 
birds to hve m a locahty, than if they aU fed throughout the 
season on one type of food When msect food is abundant, the 
birds concentrate their attention upon that Later, when insects 
become scarce, fruit and seed are plentiful and provide food 
for birds In this way, the bud population is able to maintain 
itself, throughout the season, in sufficient numbers to make them 
effective agencies for controUing insects 

Practically every species of msect has its bud enemies in almost 
every stage The eggs are eaten by small buds, nuthatches, 
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chickadees, the brown creeper, warblers, and kinglets, for 
example The larvse iBxe fed upon by almost every species of 
bird (Fig. 149). The pupas likewise are searched out and eaten, 
even though they may be enclosed m strong cocoons 
Even the boring msects are not without their bird enemies. 
The woodpeckers are most valuable in destroying these msects, 
as they bore for food beneath the bark or even into the wood 
When the adults of the borers fly from their old tunnels to a new 
host, they are subject to the attack of a long hst of buds Fly 
catchers, the crow, jays, the bluebud, swallows, mght hawk 
m fact, a long hst of 100 or more species, feed upon adult borer 



Fia 149 — The blaokbumian warbler A bird that has proved itself to be a very 
effective check upon the spruce budworm ^University of Minnesota ) 

One of the reasons that birds are sometimes especially effective 
in checkmg insect outbreaks is because of them great powers of 
mobility This permits them to concentrate m those places 
where insects are most numerous. Because of this ability 
many incipient insect outbreaks are checked by these valua- 
ble predators 

Questions on Literature 

1 Wliat species of birds would you expect to be most valuable m chocking 
defoliators m an oak atid maple forest? 

2 What are some of the mites other than Hemiaaracoptes malus that are 
predaceous upon insects? 

3 Of what value are birds in checkmg the multiplication rate of the fall 
webworm? 

4 Wliat groups of insects are most susceptible to the attack of verte- 
brates other than birds? 

5 What species of birds are known to feed upon the wood-boring insects? 
Upon bark beetles? Upon white grubs? 
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Abstracting penodioals, 13 
Abundance of insects, 26, 41, 46, 53, 
66, 68-74, 78, 84, 117, 161, 162, 
264, 266, 272, 304 
Adelges (see Addgidm) 

Adelgea cooleyij 260 
pinicortiais, 260 

AdelgidfiB, 60, 133, 249, 259-266 
Adhesion, 92, 94 
Aegerudffl, 168, 181 
Agannc females, 267, 261 
Agitation, 91 

AgnliLS anxfiua, 39, 131, 187-188 
bdiTieaius, 38, 131, 186-187 
Air currents, 71, 131, 161 (see also 
Wind) 

drymg (see Drying). 

Airplane, 86-87, 91 
Alaska, 231 
Alfalfa weevil, 122 
Alkah, 97 

Alsophila pomentana, 162, 153 
Altitude, ^ 

Altum, 19 

Ambrosia beetles, 3, 41, 46, 53, 108, 
215, 216-221, 224 

America, 21-26, 79, 81, 101, 122, 
124, 149, 162, 169, 240, 261, 263, 
266, 278, 281, 282, 286, 290, 291 
Amphibian, 55 
A noils ocollala^ 296 
Anemotropism, 72 
Anisandrus, 218 
Ant cows, 256 
Ants, 57, 256, 272, 286 
A panleles mdanoscdiis^ 284-288, 289 
Aphdinm muiilaspidis^ 275 
Aphid (see Ajndidos) 


Aphididae, 66, 66, 66, 68, 95, 249, 
264r-269, 294, 296, 301 
Aphis hons, 264 
Apple, 208, 267 
Aqueous solution, 96 
suspension, 94 

Archips fumiferana, 26, 143-148 
ArUvs cnstatus, 301-302 
Armelana meUia, 186 
Armored scales, 68, 266-269 
Arsenic, 91, 92-93 
oxide, 94 

Arsemcals, 76, 86, 91-94, 154, 167, 
164, 201 

Arthropod, 55, 303 
Arthropoda, 294 
Asexual cycle, 262, 263 
Ash, 240 

Aspen, 27, 130, 135, 160, 157, 267 
borer, 198, 202-206, 213 
Asphixiation, 98 
Aspidiotua pini, 265, 275 
Assassin bugs, 301-302 
Atlantic Coast, 8, 159, 230, 233, 266 
Attack, 2, 49, 100, 106, 169, 183, 228, 
239, 260, 294 
Automobile stock, 241 
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Bactena, 46, 66, 8*4, 224, 277 
Bacterial diseases, 84, 277-279, 281 
Bagworm, 26, 63, 68 
Bait, 78-79, 90, 92 
Balance, 127 
broken, 60-61, 126 
restored, 61-62 

Balsam fir, 5, 6, 42, 43, 61, 128, 129, 
131, 138, 139, 140, 143, 144, 
145,146, 147, 148 
sawyei. 111, 188 
Baltimore, 167 
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Bands, 79, 81, 101-102, 126, 162, 
164, 166 
BanJaa, 220 

Bankia seiacea, 229, 232, 233-234 
Banks, 11 
Barbey, 14 

Bark, 93, 104, 106, 110, 174, 176, 
176, 209, 210, 211, 213, 233, 
249, 266, 266, 265, 267, 271,292, 
296, 298, 299, 305 
Bark-beetle destroyer, 298-299 
Bark beetles, 2, 3, 6, 18, 21, 22, 33, 
52, 63, 80, 81, 82, 117, 132, 140, 
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Bark weevils, 22, 216 
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mechanical, 100-103, 232, 233 
Bartach, 229, 230 
Basements, 239 
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Banmberger, 46 

Baumhofer, 121, 134 

Bay of Fundy, 233 

Beckstem, 17 

Beech, 185, 208 

Bee moth, 289 

Beetles, 66, 76, 79, 80, 81, 83-84, 87, 
lU, 124, 131, 173, 178, 179, 180, 
183, 186, 187, 194, 195, 202, 205, 
210, 211, 212, 216, 240-244, 275, 
276, 300 
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Beasey plantations, 286 
Bibhography, 11-16, 306-317 
Big Fork River, 109 
Biochmatic law, 34 
Biologic vaneties, 47, 147-148, 253 
Biometry, 24 

Biotic agencies, 264 (see also Biotic 
factors), 

balance, 68-62, 72, 76, 76, 89, 116, 
128, 127, 137, 272 
factors, 51-57, 60, 83, 85, 116, 117, 
264, 276, 276, 303 
methods, 78, 83-86, 116-125, 126 


Biotic potential, 25-31, 62, 73, 118, 
271, 285, 286 
calculation of, 29-31, 121 
resistance, 90 
Birch, 43, 167, 187 
paper, 141 
white, 131, 188 
yellow, 248 

Birch-leof skeletomzer, 141 
Birds, 56, 66, 57, 61, 64, 70, 89, 130, 
154, 172, 253, 267, 272, 304-306 
Bissell, 121 
Bituig insects, 93, 95 
Black Hills, 170, 172, 191 
beetle, 191-196 
locust, 47, 198, 206 
pine-leaf scale, 265, 276 
scale, 296 
tops, 193 

turpentine beetle, 191 
Blackbird, 263 
Blackman, 22, 41 
Blastocysts, 280 
Blotch miners, 69 
Bluebird, 306 
Boats, 233 
Bolts, 108, 219, 220 
Books, 239 

Bordeaux mixture, 100 
Borers, 27, 41, 46, 49, 62, 66, 68, 
71, 72, 81, 93, 101, 103, 104, 107, 
108, no. 111 , 112, 113, 111 , 
117-121, 140, 210, 211, 212, 
236, 246, 305 
Bormgs, 241, 242 
Bostrychidce, 240 
Box elder, 208 
Boynton, 232 
Breedmg, 132, 133, 174 
places, 106, 106, 107, 197 
Bronze birch-borei, 39, 131 
Broods, 78, 80, 81, 82, 117, 171, 172, 
174, 193, 194, 219, 225, 263, 262, 
263, 269, 290 
Brown creeper, 306 
Brown-tail moth, 34, 122, 291, 292 
rash, 66 
Brush, 211, 214 
Buccidatnx canadensisellaj 141 
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Buckle, 79 
Bud miner, 168 
Buds, 174, 176 
Bugs, 246-249 
predaceous, 300-302 
Buildings, 197, 236, 23S-239, 296 
Buprestidse, 46, 47, 64, 66, 104, 168, 
183, 203, 208, 209 
Burgess, 122, 299, 300 
Burke, 102, 208 
Burlap, 80, 81 

Bummg, 81, 93, 94, 97, 106, 194, 
195, 205, 221, 243, 244, 253 
Burrow, 182, 192, 199, 201, 210, 222, 
231, 232, 262, 283 

C 

Cage, 207-208 

Calcium arsenate, 92, 93, 94, 160 
California, 83, 85, 124, 162, 206, 265, 
272, 276 

Calosoma beetle, 299-300 
CalosomOi sycophantaj 124 
Cambium, 46, 46, 49, 81, 103, 104, 
106-107, 117, 167, 168, 109, 173, 
174, 183, 184, 209, 210, 213, 224 
beetles, 183 
borers, 181-188 

insects, 2, 46, 49, 52, 93, 106-107, 
108, 181-197, 209 
miners, 167 

Cambium-wood insects, 186, 198- 
214, 224 

Catnponoius pcnnsylvaynciLS^ 224 
Canada, 5, 10, 11, 42, 84, 128, 145, 
179, 195, 202, 206, 224, 227, 235, 
269, 272, 276, 279, 289 
Cankeiworms, 101, 152-156, 304 
Cape Cod, 170 
Carabid (see Carahidae) 

Carabidffi, 124, 294, 290-300 
Caibolineum, 101, 197, 206 
Carbon bisulphide, 201, 207, 227, 
229-230 
dioxide, 94 

Caie of the young, 63-66, 237 
Caiolma, 162 
Carpenter, 38 


Carpenter ant, 63, 65, 215, 224-227 
moth, 66, 71, 102, 103, 198, 203, 
205-208, 213 

worm (see Carpenter moth) 

Carrier, 91 
Case, 68 
Casta, 226 

Caterpillars, 71, 96, 124, 126, 142, 
162, 16S, 206, 281, 282, 286, 291, 
292, 294, 296, 300, 302 
Cecconi, 14 
Cecidomyidffl, 180 
Cedar, 226, 227 
Cells, 200 
Cellulose, 224, 232 
CerambycidfiB, 26, 27, 47, 104, 117, 
168, 180, 183, 198, 208, 227 
Chalcid (see Chalcididco) 

Chalcidid®, 2, 288-290 
Chalcid Old ea, 283, 284 
Chalcophora virg%n%enin8, 66 
Changes m food composition, 106- 
109 

Chapman, 31, 36, 69, 70, 131 
Chapman’s formula, 69 
Checkered beetles, 298-299 
Checking, 214, 220, 242, 244 
Chemical entomology, 10 
methods, 78, 86-98, 100, 276 
Chemicals, 86, 101 
Chemotropic responses, 73, 90 
Chermes (see Adelgidce) 

Cherimdfle, 269 
Cherimds, 249 
Chestnut, 150, 185, 227 
borer (see Parandra borer) 
Chewing insects, 245 
Chickadee, 64, 55, 305 
Chmch-bug, 84, 279 
Chtoriastpsis f urjurat 26, 268, 269 
pimfolicCj 269 
Chip cocoon, 173 
Chironomidffi, 167 
Chlorophyl, 141 
Chlorpicnn, 227, 239-240 
Chrome earner, 281 
Chrysobothns, 33, 38, 64, 72, 101, 
114 

Chrysobothns deriixpos^ 210, 211 
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Chrysohotkns femorata, 208--212 
ChryBomehdfiB, 142, 166-168, 297 
Clirysopidfl&, 276, 294-290 
ChrystaJj 263, 204 
Cicada, 27, 249, 260-264 
Citnifl orchards, 83, 86 
Civic authonties, 79 
Classification of control measures, 78 
Clendffl, 294, 298-299 
Click beetles, 180 

Climate, 32, 41-42, 114, 116, 161, 
168, 204, 206, 211 
Climax, 61 
type, 128, 137 
Coccidas, 265-276 
Coccmellid (see CocanellidcB) 
Coccmellidffl, 83, 124, 264, 276, 294, 
296-298 

Cochmeal msect, 266 
Coelopislhia netnaiicida, 288-290 
Cohesion, 92 
Colcord, 11 

Coleoptera, 142, 156-168, 168, 181, 
183, 189, 208, 240 
Coleopterous leaf eaters, 156-158 
Collecting, 78, 79, 176 
CoUms, 102, 290, 299, 300 
Colloidal solution, 96 
Colomci, 262 

Colony, 226, 226, 236, 237, 238 
Colorado, 191, 204 
potato-beetle, 75, 86 
Color changes, 278 
Coloration, 66 
Community control, 81, 187 
Competition, 51-63, 78, 117, 120- 
139, 275 

CompsHura concmnataj 123, 290-293 
Comstock, 14, 170 
Conifer, 2, 47, 139, 140, 145, 167, 
168, 191, 212, 269 
Conservatories, 96 
Constants, 30 

Control, 9, 23, 199, 229, 269, 291, 
293, 304 

adelgid, 263-264 
ambrosia beetle, 219-221 
aphid, 268 
aspen-borer, 205 


Control by parasites, 117-124 
by predators, 124-126 
cankerworm, 164 
carpenter ant, 227 
carpenter moth, 207-208 
classification of measures for, 78 
cost of, 76-78 

dendroctonus beetle, 193-195 
direct, 10, 75-98, 194 
elm-leaf beetle, 157 
flat-headed borer, 211 
gypsy moth, 151-162 
homtail, 224 

mdirect, 78, 99-136, 194, 264 
jack-pme sawfly, 164-166 
lace bug, 249 
larch sawfly, 160 
locust borer, 200-201 
pales weevil, 174 
parandra borei, 228 
penodical cicada, 253 
pm e-bark beetle, 197 
piDO tipmoth, 172 
pitch moth, 182-183 
plant bug, 247 
poplar-leaf beetle, 158 
powder-post beetle, 242-244 
puiposo of, 75, 184 
scale insect, 275-276 
shipworm, 232-233 
small-pine sawyer, 214 
spruce budworm, 146-148 
sugar-maple borer, 184-185 
termite, 239-240 
two-hned borer, 187 
white grub, 179 
white-pine weevil, 175-177 
wireworm, 180 
wood louse, 234 

Cost, 76-78, 79, 83-84, 86-89, 90-91, 
99, 101, lot, 174, 179-180, 196, 
201, 214, 219, 228, 230 
Cornicles, 254, 259 
Corythuca ciUiaiUj 248 
paUipeSj 248 
Cotton boll weevil, 40 
Cottony maple scale, 269-271, 274, 
276 

cushion scale, 276 
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Covered passages, 236, 239 
Covermg, protective, 64, 143, 154, 
233, 261, 263, 264, 266, 267, 272, 
273 

Cradles, 217 

Cr^gbead, 22, 47, 82, 93, 101, 107, 
108, 130, 131, 138, 140, 200, 201, 
208, 221 

Creosote, 101, 197, 228, 233, 234, 
239, 244 

Crossman, 285, 286, 287 

Crow, 305 

Crustacea, 229 

Crystallme solution, 96 

CTyptoloemiLSj montrouzieri, 83-85 

Culver, 291, 292 

CurculionidfiB, 2, 169 

CuiTant worm, 302 

Cuticula, 141 

Cut-over areas, 106, 173 

Cuttmg operations, 107, 208 

Cuttmgs, 75, 187 

Cutworms, 2 

Cyaiude, 98, 239, 240 

Cylene robinicsj 130, 198-201 

Cynipidffi, 68 

Cypress, 219 

D 

Damage, 229, 230, 249 (see also 
Injury and Losses) 

Deadheads, 108 

Decay, 103, 113, 183, 198, 206, 216, 
226, 227, 228 
Deciduous trees, 266 
Defence, 66-67 
Defoliation, 136-143 
Defohators, 2, 3, 42, 46, 56, 72, 77, 
79, 86, 89, 93, 101, 130, 132, 
136-166, 245, 304 
Defornuties, 169 

Dendroctonus beetles, 49, 81, 134, 
191 

Dendroctonus hrevicoimSy 48, 132, 
134, 192, 193, 194 
moniicolcBj 191 
ponderoscB, 191, 195 
ierehrafbs, 191 
valenSj 189, 191 


Density, 130-131, 175-176 
Desiccation, 273 

Destro3nng infested matenals, 78, 
81, 201, 205, 239 

Development, 37-38, 39, 196, 210, 
252, 253, 262, 263, 269, 271, 273, 
281, 289, 298 

Developmental period, 26, 26-28, 
41-42, 45, 168, 168, 181, 186, 
204, 206, 213, 234-236, 247, 249. 
263, 287, 289 

stage, 181, 182, 191, 192, 206, 252, 
297, 299 

Devices to mcrease abundance, 62- 
74 

Diackasma iryom, 120-121 
Diapheromera femorataj 63 
Diaspmi, 266 
Dibrackys houcheanuSj 283 
Dicerca prolongaia, 203 
Dilutant, 91 
Dimorphic, 263 

Dips and dippmg, 90, 96, 101, 224, 
244, 268, 264 

Dipteia, 64, 142, 167, 180, 282, 284, 
292 

Disease, 60, 184 
bacterial, 84, 277-279 
filterable virus, 277-282 
fungous, 84, 279-280 
insect-borne, 246-246 
organisms, 184, 254 
polyhedral, 277, 280-282 
protozoan, 277 

Distasteful charactenstics, 60-51 
Distribution of insecticides, 90-91, 94 
of insects, 32, 34-37, 70, 72, 161, 
158, 230, 263, 264, 266, 267, 
272, 288, 291 
Division of labor, 237 
Dormant stage, 97, 98, 107, 219 
Double parasitism, 119-123 
Douglas fir, 2, 147, 223, 231, 233, 
261, 262, 263 
Dove, 232 

Drainage, 75, 112, 132, 160, 265 
Drake, 248 
Drosophila, 27-28, 38 
Drought, 197 
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Dry-wood msecta, 103^ 234r-244 
Drying, 108, 110, 111, 205, 221, 236, 
240 

Duff, 46, 132 
Dustan, 304 

Dusts and dusting, 10, 78, 86-87, 
90-94, 96, 148, 157, 158, 160, 
164, 172 
Dyes, 266 

E 

East, the, 147, 148, 170 
Ecology, 10, 24, 123 
Ecological relationships, 118, 120 
studies, 123 
Ectopaiasite, 288 
Effective temperature, 32 
zone, 41 

Egg, niche, 189, 196 
sack, 271 
scar, 203, 205 
sht, 186, 203, 204 
Eichoff, 18-20, 22 
Elateridfie, 180 
Ellopia fisceUanay 164 
Elm, 50, 142, 152, 206, 208, 272 
leaf-beetle, 87, 156, 157 
Emergence hole (see ExU hole) 
tunnels, 202 
Emulsion, 97, 101 
Endoparasite, 288 
Engird, 20, 263, 279 
Entomogenous (see Entomopkagcnis) 
Entomophagous diseases, 42, 84 
fungi, 279-280 
micro-organisms, 277—282 
Entrance hole, 199, 232 
tunnel, 192, 199 

Environment, 9, 10, 26, 58, 60, 61, 
73, 76, 84, 100, 123, 126, 128, 
158, 172 

Environmental factors, 69-60, 78, 
99, 100, 126, 127 

resistance, 25, 28, 32-57, 69-60, 
61, 62, 63, 66, 67, 69, 72, 73- 
74, 89, 100, 116, 117, 118, 
124, 126, 127, 128, 130, 133, 
136, 172, 271, 276, 284, 286, 
300, 303 


Epidemic, 68, 84, 99, 132, 167, 164, 
277, 281 

Eschench, 14, 18 
Estivation, 32 

Europe, 10, 16-21, 23, 24, 50, 79, 
80, 101, 122, 142, 152, 159, 266, 
281, 282, 285, 286, 291 
European corn borer, 122 
elm scale, 271-276 
Eurytoma jnasodiSy 288 
Eiwaneasa ardiopa, 142 
Evaporation, 64, 96, 131 
Evetna fntsirana (see Rhyacionia 
fruairana) 

Evolution, 73 

Exit hole, 66, 223, 241, 252, 264, 266 
Exoskeletoii, 66 
Expense (see Coat) 

Experiment Station Record, 12 
Experimental biology, period of, 21, 
23-24 

Extermination, 75 
Extracts, 97 

F 

Fecundity, 26-28, 270, 271, 276 
values for, 30 
Feeding habits, 168, 212 
Fellmg (see Cutting) 

Felt, 14, 21, 169, 302 

Fences, 262 

Fermentation, 216 

Fiery hunter, 124, 125, 300 

Filterable virus diseases, 277-282 

Fir (see Balaam fir) 

Fire, 1, 5, 72, 103, 113, 128, 137, 146, 
174, 201, 212, 227, 244 
prevention, 106, 112 
protection, 112 
wood, 242 
Fireflies, 63 
Fitch, 21 

Flat-headed borers, 3, 183, 186, 208- 
212 

Flavors, 66 
Fhes, 303 

Fhght season, 208, 242 
Floating, 16, 109, 111-113, 211, 219, 
221 
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Flooding, 75 
Flooring, 219, 241 
Flora, 128, 235 
Flycatchers, 306 

Foliage, 92, 94, 137, 138, 139, 140, 
143, 145, 146, 150, 154, 168, 
178, 192, 248, 249, 256, 265, 
274, 279, 281, 297 
characteristics, 49-60, 101, 136 
Folsom, 26 
Fomes %gneaT%us, 203 
Food, 42-^7, 61, 62, 63, 69, 61, 65, 
70, 71, 72, 76, 78, 80, 86, 89, 104, 
119, 120, 130, 138, 139, 140, 143, 
145, 146, 166, 162, 214, 217, 224, 
226, 229, 232, 234, 237, 245, 262, 
263, 256, 256, 267, 268, 276, 278, 
281, 282, 296, 297, 300, 301, 304, 
805 

modification of, 100-109 
Forbes, 21 

Forest, 100, 126, 127, 128, 135, 137, 
143, 146, 157, 160, 164, 171, 172, 
188, 245, 263, 264, 266, 272, 276, 
276, 279, 294 
artificial, 127 

composition, 127-130, 143, 151- 
152 

dense, 176, 176 
entomology, 
definition of, 1 
history of, 16-24 
importance of, 1-6 
scope and subdivisions of, 9-11 
fire-kdled, 222 
hfe, 89, 126, 131, 135 
managed, 128, 268 
management, 245, 268 
natural, 127, 128 

products, 100, 103, 211, 215, 219, 
222, 224 

insects, 78, 100, 211 
rotation, 76 
second-growth, 130 
type, 122 
virgin, 127 

Foundations, 236, 239 
Fracker, 86 


Fiass, 1S5, 196, 199, 203, 206, 213, 
216, 228, 242, 283 
Frog hoppers, 249 
Frost, 60, 164 
Fruit flies, 27, 46, 120 
trees, 208, 247, 266 
Fumigants and fumigatmg, 10, 78, 
90, 91, 96, 98, 227, 239-240, 
258, 264, 276 
Fundatnx, 267 
apuniB, 262 
vera, 261, 263 

Fungi, 1, 5, 46, 65, 84, 113, 167, 186, 
198, 203, 208, 216-217, 218, 219, 
222, 224, 269, 274 
Fungicide, 98 

Fungous diseases, 1, 84, 133, 279- 
280 

mfection, 183, 198 
injury, 103 
parasites, 279-280 
Furniture, 197, 239, 241 
Furrows, 79 

G 

OaUrucdla luieola, 156, 167 
Gall aphid, 68, 255 
dwellers, 261 
mites, 68 

Gallery, 46, 49, 68, 71, 189, 192, 206, 
213, 217, 218, 228, 236, 238, 242, 
283 

GolhcolfiB, 261 
migrantes, 261, 262 
non-migi antes, 262 
Galls, 180, 255, 269, 260, 261, 262, 
264, 265 
Gas, 96, 96 
Geletme, 94 

Generation, 118, 122, 133, 157, 158, 
162, 170, 171, 196, 248, 249. 263, 
257, 261, 262. 268, 269, 286, 286, 
287,288, 290. 292. 296, 296, 298. 
302 

Genetics, 24 
Geotropism, 73 
Geimany, 16, 18, 19, 20 
Geiould, 66 
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Gillanders, 14 
Girault, 26 
Girdling, 185, 221 
Gland, 62, 266 
Glaser, 27S, 281 
Glycolmis speciositSj 183-186 
Glucose, 94 
Glue, 94 
Gmelin, 16 
Gnathotncus, 218 
Oosaypans apiina^ 271-276 
Grade, 198, 208, 213, 214, 219 
Graham, 26, 33, 36, 62, 82, 101, 106, 
114, 121, 130, 132, 134, 283, 
289, 304 

Grand Manas, 113 
Granovsky, 86 
Grasshoppers, 90 
Grazing, 201 

Green wood (see TFood, green) 
insects (see UnsecLsoned-wood 
inaecta) 

Greenheart, 239 
Greenhouses, 96 
Gnswold, 266 

Ground, 67, 79, 164, 162, 171, 178, 
179, 235, 239, 262, 274, 299, 
300, 304 

beetles (see Carahidce) 
cover, 127, 128, 132, 160 
Groves, 186, 249 
Growth, 47-49 

Grubs, 2, 71, 158, 178-180, 186, 210, 
213, 222, 227, 282 

Gypsy moth, 34, 47, 64, 71, 80, 81, 
89, 101, 102, 122, 123. 124, 125, 
135, 149-162, 278-279, 281, 284, 
285, 286, 287, 288, 290, 292, 299, 
300, 302, 304 

H 

Habits of reproduction, 28 
Hackberry, 208 
Hagen, 12 
Hairs, 71, 151 
Halsey, 56, 134 
Handles, 241 
Hard maple, 184 


Hardwood lumber, 103, 244 
products, 141, 142, 241 
stock, 242 

Hardwoods (see TreoSf hardwood). 
Hams, 21 
Hartig, 18 
Hartley, 133 
Harvest flies, 250 
Hawau, 60, 120, 123 
Hawk, 306 
Hawthorn, 208 
Heart-rot, 203, 266 
Heartwood, 206, 213, 226, 226, 227, 
228, 240 
stock, 243 

Heat, 78, 81-82, 210 
Heliotropisiu, 38, 73 
Hellebore, 93 

Hemiptera, 246, 246-249, 300-302 
Hemiaarcoptes, 276 
HemwcaTcoptos maluH, 276, 303 
Hemlock, 139, 140, 150, 164, 165, 
166 

looper, 87, 140, 164, 165, 106 
Henneil, 16 
Hemungs, 21 
Heiischel, 20 
Henshaw, 11 

Herbaceous vegetation (see Ilcrba) 
Herbs, 128, 178, 245, 249 
Hewitt, 84, 279, 288, 289, 200 
Ilexarlhrum ulkei, 8 
Hibemacula, 143 

Hibernation, 32, 33, 40, 73, 132, 143, 
145, 157, 158, 160, 171, 175, 
178-179, 199, 249, 290, 298, 300 
Hickory, 208, 220 
Histology, 10 
Historical review, 16-24 
Hogs, 263 

Holonietabolous forms, 268 
Homoptera, 246, 249-276 
Honeydew, 266, 269, 274 
Hood, 290 

Hopkms, 22, 34, 41, 47, 159, 209 
Homtail, 116, 222-224 
Horse chestnut, 208 
Host, 10, 54, 76, 76, 118, 121, 122, 
123, 256, 267, 293 
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Host, alterate, 257, 259, 293 
condition, 167, 168-169 
insect, 64, 65, 85, 122, 245, 246, 
277, 278, 279, 281, 282, 283, 
286, 288, 289, 290, 291, 292 
primary, 257-258, 269, 261, 262, 
263, 264 

secondary, 257-268, 260, 261, 262, 
263, 264, 293 
selection, 47, 64 
tree (see Trees, host). 

Hover flies, 72 
Howard, 63, 123 
Humidity, 21, 40 

Hydrocyamc acid gas, 98, 264, 276 
(see also Cyanogen) 
Hydrophobia, 280 
Hylohius pal^f 106, 173-174 
HAunenoptera, 26, 27, 28, 63, 66, 118, 
121, 141, 168-166, 222, 276, 282, 
283, 284, 288 

Hymenopterous leaf eaters, 158-165 
Hyperparasite, 123, 283, 284 (see 
also Secondary paraaiio) 

I 

^cerya purchase, 276 
rdineumon flies, 66 (see also Ichneit^ 
momdcd) 

^chneumonidffi, 282, 284-288 

inpiovement cuttmgs, 185 

ndexes, 11-15 

ndia, 27 

ndiana, 157 

nfection, 280, 281 

nfestation, 104, 112, 114, 179, 193, 
199, 208, 214, 232, 236, 241, 242, 
243, 272, 275, 282 
nfested materials, 78, 81, 82, 239, 
242, 244, 274, 276 
njury, 141, 176, 178, 240, 247, 251, 
260, 302 

accomplished, 110, 170, 171, 184, 
198, 201, 214, 219, 220, 226, 
227, 230, 259 
danger of, 83, 228, 266 
direct, 254 

fice fiom, 75, 109, 129, 170, 200 


Injury, preventing, 103, 113, 224 
reduction of, 183, 206, 251 
resistant to, 47, 49, 131 
secondary, 203 

susceptible to, 2-3, 139, 205, 211, 
232, 264 
Inner bark, 196 
Inoculation, 282 
Inoculum, 84, 283 

Insect abimdanoe (see Abundance of 
insects), 

diseases, 277-282 (see also 
Diseases), 

multiphcation (see MuUiplica- 

Insecticides, 86-98, 148 
contact, 91, 94-98, 201, 249, 264, 
276 

stomach, 91, 92-94, 97, 201, 247 
Insectivorous parasites, 277-293 
predators, 294-305 
vertebrates, 303-306 
Insects, bitmg, 93, 95 
Insolation, 116 
Inspection, 242, 243 
Insurance rates, 113 
Intersegmental membrane, 95 
Tntestmal flora, 235 
Ipidse, 2, 47, 62, 168, 181, 189-197, 
216 
Ips, 72 

Ips calligraphus, 190 
perroiiy 190 
ptni, 190, 195-197 
Iron sulphate, 100, 187 
Isarui fannosa, 279-280 
Isoptera, 63, 235-245 (see also 

Termites) 

Itasca Park, 107 

J 

Jack-pine sawfly, 44, 69, 161-164 
Japan, 231, 278, 291 
Japanese beetle, 122 
Jay, 305 
Jones, 85 

Journal of Forestry, 12 
Judeich, 14, 18 
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K 

Keen, 100 
Kentucky, 167 
Kerosene, 101, 244 
emulsion, 93, 97 
Kiln drying, 82, 108, 220, 224 
dried matenal, 240 
Kinglets, 305 
Kmgs, 238 
KoUar, 18 
Krogh, 38 

L 

Labor, 79, 112, 180, 201, 214 
IjEC insects, 266, 266 
Lace bug, 247-249 
Lace-wing flies, 276, 294-296 
Lachnostema (see PhyUophaga) 
Ladybird beetle, 73, 275, 296-298 
Lake States, 45, 104, 114, 129, 130, 
146, 147, 148, 161, 170, 172, 180, 
265 

Larch (see Tamarack) 

sawfly, 6, 7, 28, 42, 47, 84, 132, 
136, 169-160, 279, 288-289, 
304 

Lanparous insects, 64, 282, 290, 291 

Lanx, 260 

Larvipositor, 291 

Latitude, 34, 266 

Lawn trees (see Trees) 

Lead arsenate, 92, 93, 94, 97, 148, 
152, 160 

Leading shoot, 174 
Leaf beetles, 297 (see also Chryso- 
melidcs) 
chewers, 141 
eaters (see Defoliators). 

-catmg insects (see Defoliators) 
hoppers, 66, 247, 249 
mmers, 2, 68, 95, 141 
Leaves, 246, 247, 248, 271, 274, 275, 
279, 302 (see also Foliage) 

Le Proy, 27 

Lepidoptera, 7, 142, 143-156, 168, 
168, 181, 206, 281, 300 


Lepidopteious forma (see Lopidap- 
iera) 

leaf eaters, 143-156 
Lepidosophea uLim, 26, 266-269 
Leptocorus tnvittatuaj 246, 247 
Lifecycle, 46, 118, 167, 159, 179, 181, 

184, 189, 200, 204, 205, 206, 

213, 237, 240, 253, 256, 259, 260, 
201, 269, 273, 280, 294, 296, 299 

history and habits, 143, 170, 171, 
196, 212, 222, 248, 250, 266, 
286, 286, 288 
zones, 34, 36 

Light, 32, 37, 38r-39, 82, 130, 176, 

185, 186, 236 
Lights, 79 
Lignin, 224 

Lime, 93, 94, 97, 148 
-sulphur, 97, 98, 100, 187, 268, 
276 

Limnona, 229, 233-234 
Lina interruptaj 157-158 
senptaj 157-158 
LinntBus, 16 
Linseed oil, 244 
Lmtnor, 21 
Literature, 11-16 
LithocoUetes, 69 
Litter, 174, 249 
Locomotion, 69-72 
Locust, 260 

borer, 47, 130, 198-201 
Loggmg, 103-104, 106, 107, 110, 115, 
117, 146, 173, 174, 195, 197, 198, 
223, 224 

Logs, 82, 101, 104-106, 107, 108, 109, 
112, 114, 197, 210, 211, 212, 213, 

214, 219, 220, 221, 223, 224, 226, 
299 

freshl} or recently cut, 46, 103, 
104, 112, 173, 1S3, 105, 198, 
208, 212, 214, 222 
London puiple, 93 
Long-horned borer, 183 (sec also 
Cat anibijaid(c) 

Longitude, 34 

Losses from insects, 4, 5-9, 76, 219, 
227, 229 



INDEX 


329 


uber, 101, 103, 108, 109, 168, 174, 
198, 211, 213, 214, 219, 221, 224, 
244 

^ard, 242, 244 
stidso, 340 
iua cavicollis, 240 
urallelo'piyiidusj 240 
)lan%colks, 240 

'QotL&matus encaontt, 28, 158-160 
nis pratmdi8j 246 

M 

Atee, 304 
chinery, 86-89 
gnesium aisonito, 93 
hogany, 239 
me, 231 

lacosoma {Chsiocampa) a7H€n- 
cana, 26 
isstnaf 26 

tnmals, 55, 57, 89, 2S0, 304 
1, 76, 84, 116, 117, 125, 137, 285, 
294 

lagement, 5 (aoe also Silvicul- 
tural practices) 
idibulatc insects, 245 
lufacturmg plants, 242 
ole, 47, 167, 208, 248, 266, 270 
me wood-boroi’S, 215, 229-234 
aachusetts, 160 
iiig, 242, 258, 274 
suiance of, 62-63, 70 
iw, 25 

dybug, 83-85, 266, 271-274 
hanical injury, 183, 252 
ethods, 78, 182, 195 
direct, 79-82 
indirect, 100-115 
Iford, 149 

literianean fruit fly, 120 

aihyssa (Thalessa) lunatoTj 283 

astigmus sperinatophilusj 2 

jlontha, 142, 178 

ibracidie, 246 

ibranes, 95, 96 

istem, 167, 215 

sects, 245 

groups of, 167-169 


Meiistom, insects, of the cainbmni, 
181-197 

of the cambmm-wood, 197- 
214 

of the terminal parts, 167-180 
Mernam, 34, 35, 41 
MetaUic wood-borers, 183, 185-188 
Metomorphosis, 268 
Mexican bean beetle, 122 
Mice, 56, 67, 132, 304 
Michigan, 130, 167 
Micro-organisms, 235, 277-282 
Middle Atlantic States, 167 
Migrants, 267 
Migration, 72, 147, 276 
Miller, 232 
Mimicry, 66, 181 
Minei*s, 71 
Minneapohs, 79 

Minnesota, 5, 6, 69, 114, 131, 169, 
164, 175-176, 275 
Mindte, 246-247 
Miscible oils, 201, 258, 264, 276 
Mississippi, 198 
Mites, 57, 264, 275, 296, 303 
Mixed stand (see Stared) 

Mobility, 124, 305 
Modification, of food supply, 100-109 
of moisture conditions, 109-113 
of temperature, 113-115 
Moist dead-wood insects, 224-229 
-wood insects, 215-229, 236 
Moisture, 32, 39-41, 69, 71, 78, 94, 
100, 108, 109-113, 213, 215. 
216, 219, 223, 224, 273, 279 
Molasses, 94 
Moles, 253 
Mollusca, 229 
MoUusks, 229, 231 
Monarch butterfly, 66 
Mongoose, 124 
Monochamus, 72, 212 
MonocJiamus coufusoi, 27 
marmarator^ 111 
ohiususj 3 

scutellatusj 212-214 
Moore, 94 
Morphology, 10 
Mosaic diseases, 245-246 
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Mosher, 135 
Moth, 206, 207 
clear-winged, 181 
Mother gaUenes, 196 
Motile species, 71 
Mountain ash, 208 
pme-beetle, 191 

Multiphcation of uisects, 61, 89, 129, 
146, 237 (see also Rate of muUi- 
phcaiion) 

Munro, 20 
Mycilhum, 217 

N 

Naked scales, 269 
Nantucket Island, 170 
pine moth, 169 
Naphthalene, 101 

Natural agencies of control, 194, 
264, 275, 304 (see also Covir- 
peiihony parasitee avd predators) 
check, 151 

enemies, 263, 272, 286 (see also 
Parasites and predators) 
factors of control (see Natural 
agencies). 

history period, 20, 21-22, 24 
reproduction, 170, 173 
selection, 73 
succession, 61 
Nature’s deadlock, 58-59 
Nebraska, 65, 135, 170, 171, 172 
Nation^ Forest, 170, 171 
Negative charge, 941 
Nematodes, 55, 57 
Neodipnon bankaianoB, 161 
lecontiij 161 

Neat, 63, 65, 225, 226, 235, 237, 239 
New England, 5, 150, 152, 157, 159, 
175, 233, 284, 299, 300 
New Jersey, 248 
New Meadows, Idaho, 163 
New York, 175, 176, 206, 248, 272, 
301 

Nicotine, 93, 96, 97 
emulsion, 264 
extract, 276 


Nicotine, oleate, 25S, 264 
sulphate, 97, 172, 258, 264 
Nitsche, 14, 18, 20 
Nordlmger, 18 

North, the, 196, 211, 219, 266, 268, 
271, 302 

North America, 168, 170, 189, 250 
Northeast, the, 61, 146, 180, 212 
Northern States, the, 168 
Northwest, the, 104, 179 
Nozzles, 88, 152 

Nun moth, 127, 133, 281, 282 
Nuptial chamber, 190, 196 
Nurse, 225 
crop, 176 

Nursery and nursery trees, 2, 98, 
172, 177, 178, 179, 180, 246, 
247, 248, 249, 250, 255, 258, 275 
stock, 264, 272, 276 
NtiaaJin, 14, 21 
Nuthatch, 55, 304 
Nutritional factore, 42-^t7, 00, 100 

O 

Oak, 63, SO, 130, 135, 150, 185, 186, 
206, 208, 240, 248 
burr, 69 
red, 89 

twig girdler, 187 
Odors, 62, 65 
Ohio, 157, 198 
Oils, 97, 244 
Oleic acid, 258 
OScytes, 30 

Opius fletchen^ 119, 120 
Optimum zone, 41 

Orgamsms, 84, 85, 99, 118, 214, 
229, 230, 231, 233, 265, 280, 
296, 303, 304 

of decay, 103, 206, 216, 228 
of disease, 184, 245 
nucro-, 224, 235 
wood-stoining, 3 

wood-rotting, 3, 203, 208, 213, 228 
Oneiitation, 72, 73 
Orthodichlor benzene, 244 
Orthoptera, 62. 142 
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)utbreak, 5, 43, 51, 52, 60, 61, 75, 
81, 98, 116, 117, 119, 122, 127, 
128, 130, 131, 136, 137, 13S, 

143, 146, 151, 159, 192, 195, 

265, 272, 278, 279, 281, 294, 

296, 306 

)verabuiidance, 129, 130 
)verhead system, 112 
)verwmteimg stage, 132, 151, 171, 
192, 249, 293, 302 
)vioide, 258 

)viparous insects, 64, 290 
)vipositiou, 65, 268 
act of, 153, 286, 289 
injury b3^ 169, 175, 261 
method of, 184, 295 
period of, 30, 79, 274 
place of, 38, 72, 179, 183, 206. 

209, 242, 296 
prevention of, 115, 244 
time of, 154, 173, 184, 206, 213, 
228, 283, 287 
>vules, 29 
►xidation, 98 
•xygeu, 95, 98 

>yster-shell scale, 26, 266-269, 

275, 276, 303 

P 

acidc coast, 8, 230, 231, 266 
ackard, 14, 21, 159 
amts and pomting, 101, 103, 244 
ainted suifaces, 243 
aleacnta yenioto, 162, 165 
ales weevd, 106, 173-174 
andora moth, 140 
arachute, 71 
arandra boier, 227-229 
arandraj brunnoUj 227 
arosites, 51, 63-57, 69, 78, 151, 
277-293 

competition between, 120-121 
contiol by, 84^85, 154, 195, 264, 
275 

general, 119, 284, 288 
hymonopterous, 26, 27, 118, 275 
msectivorous, 277-293 
mterrelations of, 10 


Parasites, introduction of, 116, 122, 
123 

primary, 123, 284 
lequirements for effective, 221- 
222 

specific, 119, 284 
seeondaiy, 284, 286 
Parasitic insects, 84, 89, 128, 282- 
293 

general charactenstics of, 282-284 
of eggs. 283 
of larvae, 284 

Parasitization, 120, 121, 122 
Parental care, 64, 66 
Parkarmoma peim, 181-183 
Pans g] een, 86, 93 
Parthenogenesis, 28, 257, 266 
Payne, 33 
Peoirs, 37 
Pecan, 208 
Pemberton, 120 
Peninsula State Park, 87 
Pennsylvania, 198 
PentotomidiB, 301-302 
Periodicals, 13-14 

Periods (historical) m America, 21- 
24 

in Europe, 10-21 
Perns, 18 
Persimmon, 208 

Pests, 15, 76, 91, 117, 118, 125, 149, 
169, 206, 296 
agiicultural, 90 
dying tiee, 208-214 
elm tiee, 272 

forest, 78, 84, 85, 90, 100, 105, 116, 
126, 136, 142, 154, 157, 172, 
189, 207, 246, 250, 255, 265, 
266, 272, 290 
pioducts, 78 
greenhouse, 271 
horticultural, 122, 255 
household, 98 
introduced, 123, 291 
hvingtree, 114, 19&-208, 272 
log, 208-214 
pine tree, 147, 173, 175 
prunaiv, 206 
sapwood, 240-241 
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Pesta, aecondaiy, 173, 256 
shade tree, 78, 79, 81, 157, 266, 
272, 304 
spruce tree, 147 
stored gram, 98 
Pettit, 101 
Phloem, 167 
Photosynthesis, 137-138 
Phototropism, 38, 73, 230 
Phyllophaga, 156, 17S 
Physical factors of environment, 
32-42, 60, 70, 116, 131 
Physiological diseases, 245 
Physiology, 10, 24 
Phytophagous, 128, 130, 143, 245, 
302, 304 

Picea, engdinanm, 261 
pungens, 261 
sUchensia, 261 
Pierce, 40 
Pierson, 106, 176 
Pigeon tremex, 222, 283 
Pile, 108, no, 112, 220, 243 
Pihng, 108, 109, no, 195, 220, 230, 
233, 234 

Pme, 6, 43, 47, 61, 134, 144, 146, 
147, 148, 160, 164, 171, 190, 
210, 212, 233, 249 
austnau, 134 

jack, 44, 46, 49, 59, 121, 127, 129, 
130, 134, 140, 148, 162, 164, 
177, 276, 296 
lodge pole, 77 

norway, 44, 45, 68, 129, 162, 211, 
214 

pitch, 168 
scotch, 134 
scrub, 170 

white, 2, 37, 46, 52, 100, 129, 162, 
173, 174, 175, 176, 177, 214 
yellow, 3, 121, 126, 127, 132, 134, 
135, 140, 163, 170, 192 
Pme-bark adelgid, 260 
bark-beetle, 196-197 
butterfly, 140, 163, 166 
-leaf scale, 68, 269 
pitch-mass borer, 181-183 
sawfiy, 161-165, 302 
sawyer, 27, 114, 212-214 


Pine tipmoth, 55, 121, 134, 109-172 
Pmholo borei (see Afnbiosia baetles) 
Pinus, 260 (see also Pine) 

Pinus bankamnaj 148 
ponderosay 192 

PisHodes strohiy 26, 130, 174-177 
Pitch, 232 
midge, 167, 168 
moth, 168 
pocket, 168 
tubes, 48, 49, 192 
Pith, 175, 176 
fleck, 167 
Pits, 79 

Pityogmea hophm&iy 190 
Pityoktcnnes spat siuty 33 
Plagjonotus (see Glycohiiis) 

Plancton, 232 
Plant, 

bugs, 246-247, 248 
box-eldei, 246, 247 
tarnished, 246 
characteristics, 47-51 
diseases, 245 

hce, 2, 28, 264 (see also Aphxdidoi) 
physiological factors, 47-51 
Plantations, 200, 201, 266, 258 
foiest, 170, 172, 176, 198, 258, 264 
ornamental, 258 
Planting stock, 172, 264, 275 
Plantings, 172, 177 
Platypus, 216 
Pod%8U8 7naculive]itriSj 302 
placidus, 302 
PcBcilonota cyampes, 203 
Poisons, 76, 86, 89-98, 148, 158, 164 
(see also I nsecticidcs) 

Pole boier, 9 
Poles, 198, 227, 228, 252 
Polyembryony, 26, 27, 31, 118, 285 
Polyhedia, 280 
Polyhedial bodies, 281 
diseases, 280-282 
Polymoiphism, 237 
Polysulphides, 97 

Poplar, 42, 203, 206, 208, 240, 266 
(see also As^pen) 
leaf-beetle, 157-158 
Portheina dispwy 64, 124, 149-162 
Posts, 198, 227, 228 



INDEX 


333 


*otato sprouts, 85 
Potatoes, 76 

Wdor-post beetle, 4, 9, 41, 103, 
105, 216, 240-244 
*raine regions, 249 
’redaceous bugs, 300-302 
insects, 89, 130, 275, 284 
mammals, 89 

‘redators, 10, 61, 63-57, 61, 66, 69, 
78, 83-84, 116, 124-125, 130, 
161, 152, 154, 195, 264, 294-306 
'redatory insects, 264, 294-298 
»rell, 20, 50 

Pressure, 91, 233, 249, 276 
•levention, 99, 136, 221, 228, 229, 
239, 242 

►rey, 65, 85, 121, 124, 297, 299, 303 
'runary insects, 168-169, 183, 190- 
191, 196, 197, 206, 209, 228 
*T%of\iL8 lahcolhsj 26 
‘nono vihtis i obiaioBj 203, 206-208 
'loctotrupidfiB, 26 
'roctotrupoidea, 283, 284 
Profit, expected, 76 
Protection, 1, 5, 9, 77, 78, 90, 101, 
103, 116, 135, 176, 214, 221, 239, 
263 

Protective coloration, 181 
Protozoan diseases, 277 
Pruning, 175, 253, 264 
‘seudotsuga, 260 
'seudoisuga taxifolm^ 261 
‘teiocyclon, 218 
pteromelidse, 287, 288 
Publications, 13-14 
Pulpwood, 104, 111, 112, 113, 208 
'vlvinarm innumerabilia, 270 
mins, 269-271 
P3Tadme, 101 
Pytho, 68 

Q 

►uabty of food, 100, 106-109 
Quantity of food, 100, 103-106 
»uayle, 297 
Quebec, 6 

iueens, 225, 237, 238 


R 

Ram, 92, 93, 94, 162, 187, 276 
Rapidity of growth, 47, 49 
Rate of development, 32, 37, 38, 40, 
109, 110, 111, 113, 114, 118, 192 
of growth, 138, 139, 169, 264 
of multiphcation, 26-31, 42, 61, 
66, 69, 106, 123, 148 
hypothetical example of, 29 
Ratzoburg, 17-18, 20, 21 
Red bud, 208 
pme (see Ptnej Norway), 
tops, 193 

turpentme beetle, 189, 191 
Reduction m grade, 198, 208, 211, 
213-214, 219 
m growth, 169, 170, 264 
m maeet numbei's, 32, 60, 52, 53, 
78, 81, 84, 100, 194, 253, 275, 
286, 294, 304 
m quahty, 169 
Reduvudse, 301-302 
Redwood, 239- 
Reforestation, 171 
Regulation, of density, 130-131 
of dramage, 132 
of forest composition, 127-130 
Repellanta, 61, 100-101, 187 
Reproduction, 28, 267, 271, 280 (see 
also Parthmogenais) 
parthenogenetic, 62, 266 
sexual, 28, 62, 63 
Reptile, 66 
Reservoirs, 77 

Resin, 52, 94, 133, 182, 191, 192, 265, 
266 

Resistance, 160, 239, 247, 272 
to attack, 2, 44, 47, 49-51, 133, 
134 

to mjury (see Injury) 

Resistant varieties, 133-135, 263 
woods, 239 

Respiratory system, 94 
Reiiculotermes virginicu8j 237 
“Review of Apphed Entomology,” 
12 

Rhagium, 68 
Rhizohzua vcrUraha, 296 



334 


PRINCIPLES OF FOREST ENTOMOLOGY 


Rhunabler, 14, 20 
Rhyacionia bushneUi^ 170 
JrvMrana^ 169 
Riley, 11 

Rings, annual, 138, 139, 159 
River dnving (see Floating) 

Rocky Mountains, 147, 186 
Rodolia (Vedaha) cardinaliSj 275- 
276 

Root borer, 26 
rot, 186 
suckers, 201 

Root-eatmg insects, 177-180 
Roots, 140, 169, 249, 262, 253, 256 
insects feeding on small, 177-180, 
249 

Round-headed borers, 3 
Rustic work, 197 

S 

Saalas, 20 
Sagmaw Forest, 60 
Salvage, 103-104, 113 
Sanderson, 34, 37 
San Jos4 scale, 276 
Sap, 186, 245, 247, 261, 267, 300, 
302 

Sap-suckmg insects, 245-276 
Saperda cdlcarata, 202-206 
Saplings, 2, 169, 170, 174, 175, 197, 

248, 254 
Saprophyte, 279 

Sapwood, 103, 108, 173, 184, 189, 
204, 206, 210, 211, 213, 223, 
228, 240, 242, 243 
Sarcophagidse, 282 
Satm moth, 286, 291 
Sawfiy, 168 

laich, 169-160 (see also Larch 
sawfiy) 

pine, 161-166, 302 
Saxon forests, 127 
Scale insects, 2, 95, 97, 124, 130, 

249, 265-276, 294, 296 
Scarabaaidffl, 142, 156, 178 

Scars, 203, 205, 206 (see also 
Wounds) 

Scavenger, 276 


Schaffer, 292 
Scharfenberg, 17 
ScolytidsB, 2 
Scorching, 174 
Soreenmg, 102 
Scudder, 170 

Scurfy scale, 26, 268, 269 
Seaaomng, 108, 110, 220 
Secondary insects, 168-169, 173, 
183, 190, 196, 197, 209, 212, 
215, 256 
Secretion, 63 
Seed, 2, 133, 134, 172 
beds, 178, 179 

Seeding, 106, 169, 170, 173, 177, 179, 
ISO, 197 

Selection, of resistant vanetiea, 
133-135 
of site, 131-132 
Semicocooa, 272, 273, 274 
Senatorial oak caterpillar, 302 
Sex ratio, 25, 28-29, 31, 285 
Sexual attraction, 62, 63 
forms, 237, 238 
SexuparsB, 257-258, 203 
Shade, 187, 214 
trees (see Tveesj ahade) 

Shade-tree msects, 23, 78, 79, 89 
Shading, 114, 197, 200, 211 
Shellac, 266 

Shelter, 47, 51, 53, 67-69, 113, 224, 
229, 234, 237, 255, 261 
Shelterwood system, 176 
Shipworms, 229-233 
Shoots, 174, 175 
Shrews, 56, 67, 304 
Shiubs, 127, 128. 201, 215, 252, 253, 
266, 302 

Sihco-fluondes, 93 
Silk, 67, 68, 146 
Silting, 77 

Silviculture, 5, 10, 151, 265 
Silvicultural methods, 125, 200 
piactices, 100, 116, 124, 125, 

126-135 
Siphons, 231 

Sincidfis, 46, 72, 222, 221, 2S3 
Site, 127, 131-132, 183, 206, 260, 265 
Skunks, 66, 304 
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Slash, 106, 106, 114, 117, 197 
insects, 106 
Smallpox, 280 
Smith, 83, 295 
Snakes, 124 
Smpe flies, 167 
Snout beetles, 173, 174 
Snow hne, 151, 304 
Snow-wlute hnden moth, 304 
Snyder, 41, 101, 103 
Soap, 94, 96, 96, 97, 101, 249, 268, 
276 

Social insects, 65, 224, 236 
Sod, 178 

Sodium araemte, 93, 201 
Soil, 46, 77, 132, 171, 178, 179, 180, 
236, 262, 263, 292, 300 
-mhabitmg insects, 180 
Jolanum, 76 
Solar radiation, 36 
treatment, 116, 194, 197, 211 
loldiera, 237, 238 
bugs, 302 
ohtary bees, 64 
orrel tops, 193 
ound wood, 234 

Duth, the, 108, 170, 196, 210, 219, 
249, 252, 268, 271, 296, 302 
Dutheast, the, 197 
)w bug, 233 
Dace, 61, 62, 62 
Dauworms, 66 
Darrow, 124, 253, 304 
)eare, 280 

>eciahzation, by division of labor, 
237 

by reduction of parts, 282 
■hagnum, 132 
idei-8, 57, 264, 303 
mea, venomous, 66 
my elm caterpillars, 302 
trades, 95, 97 
ittle bugs, 249 
ondihdae, 227 
Dies, 217 
Dt infestation, 89 
ravers, 86-89, 162 


Sprays and spraymg, 10, 76, 77, 78, 
79, 83, 87-98, 100, 101, 148, 167, 
158, 160, 164, 172, 201, 244, 247, 
249, 258, 263, 264, 276 
Spreading, 92, 94-96, 96, 97, 211 
Spnnklmg, 111-112, 113, 211, 214 
Spruce, 6, 6, 42, 61, 127, 128, 138, 
143, 146, 147, 148, 160, 177, 196, 
269, 261, 262, 263 
black, 49, 50 
blue, 261 
Engelmanii, 261 
norway, 60, 133, 177, 262 
red, 146, 146 
Sitka, 261 

white, 60, 145, 146, 147 
Spruce budworm, 6, 6, 7, 26, 42, 43, 
44, 45, 47, 49, 01, 68, 128-129, 
131, 136, 138, 139, 143-148, 188, 
296, 305 
gall aphid, 50 
Spruce-balsam stand, 128 
SpurifD alatse, 267 
apterffi, 257 
Stammg, 113 
Stand (see also Forest) 
dosed, 185, 200-201 
dense, 200 

fully stocked, 131, 132 
mixed, 76, 127, 128, 130, 131, 140, 
147, 201 

open, 131, 175, 185 
pure, 127, 128, 130, 131 
scattered, 131 

Standmg timber, 77, 80, 212 
Starvation, 209, 275 
Steminothei, 257, 261, 262, 264 
false, 262 
Stenle wood, 235 
zone, 36, 37 
Stick-lac, 266 
Stimuh, 73 
Sting, 66 

Stock, 241-244, 247, 268 

Storage, 243 

Storms, 80 

Stndulation, 62 

Streptococcus disparts, 278-279 

Struggle for existence, 72 
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Stumps, 173, 174, 197, 217, 235 
Subimago, 70 

Suckmg msects, 83, 93, 95, 245-276 
mouthparts, 245, 260 
Sugar-maple borer, 47, 183-185 
Sulphur, 98 
Sulphuric acid, 98 
Summers, 34 

Sun, 81, 82, 114, 131, 186, 187, 190, 
205, 210, 221, 281 
Suncurmg, 108, 109, 197, 211, 220 
Sunhght, 187, 200, 220 
Superior National Forest, 43 
Suppression, 78, 84 
Surface tension, 92, 94, 95 
Suigical methods, 228 
Susceptible age, 175 
to arsemcala, 164, 264 
to attack, 44, 49, 107, 131, 132, 
134, 140, 145, 177, 183, 240, 
244, 287 

to injury (see Injury) 
SuaceptibUity, 148, 161 
Suspension, 91, 93, 94, 96 
Swaine, 22 
Swallow, 306 

Swamp, 132, 160, 219, 227, 290 
Sycamore, 208, 248 
lace-bug, 248 

Symbiotic relationship, 46, 217, 224, 
234, 236, 256 

Synchromzation, 49, 85, 118, 119, 
121, 144, 286 
S5rrphids (see Syrphidos) 

SyrphiclcB, 264 

T 

TachmidflB, 64, 123, 282, 290-293 
Tachmids (see Tachtnidcs) 
Tamarack, 6, 42, 132, 137, 139, 159, 
160, 290 

Tanglefoot, 101-102 
Taxonomic penod, 20-21, 22-23, 24 
position, 167-168 
Taxonomy, 10 

Tempeiate regions, 60, 116, 235, 238, 
266 


Temperature, 21, 32-38, 60, 69, 71, 
78, 100, no, 113-115, 131, 158, 
192, 210, 211, 213, 222, 231, 233, 
281, 295 

fatal, 33, 37, 81, 82, 161, 221, 224 
subcortical, 33, 37, 81, 82, 220 
Tennessee, 162 

Tent-caterpillar, 64, 68, 281, 292, 
302, 304 

apple-tree, 26, 65 
forest, 26, 27, 41, 42, 130, 162, 166, 
291 

Tenthredmidse, 142, 158 
Teredo, 229-233 
Teredo ncwalia, 232 
Terimnal shoot, 79, 131, 169, 174, 
176 

Termites, 8, 9, 26, 63, 66, 101, 216, 
224, 235-240 

Thalessa (see Megarhysm) 
Thigmotropism, 73 
Thinnings, 186, 187, 265 
Thompson, 31 
Thread, 71, 303 . 

Thuja occidGniaViiif 226 
Thyndoptenx ephimeraoJormiSj 26 
Tibicina septendc(n,m, 260-254 
Ties, 198 

Timber, 80, 86, 89, 104, 169, 177, 
183, 194, 195, 197, 211, 214, 215 
forest, 77, 89, 101 
Timbers, 226, 227, 236, 239 
Tmgidffi, 247-248 
Tmgitid, 65 

Tip destroyers (see Tip Jooflere) 

Tip feeders, 169-172 
Tipmoth, 168 (see alsoPiMc iipinolh) 
Tips of trees, 121, 159, 212, 255, 269, 
261, 298 

msects feeding on, 169-177 
Tobacco (see Nicotine) 

Toleration, 111-112 
Tortoise scales, 266, 269-271 
Tortricidfie, 168 
Tothill, 276, 276, 303, 304 
Toxicity, 91-97 
Trachoma, 280 
Tr&g&rdh, 14, 20 
Translocation, 138 
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Transpiration, 138 
Transplant beds, 179 
Transplants, 2 
Transportation, 86, 217 
Trapping, 78, 79-81 
Traps, 78-80, 195, 221 
Tree hoppers, 246, 249 
Tree-cncket, 62 

Trees, age of infestation of, 193 
attacked, 134, 136 
base of, 139 

broad-leaved, 139, 160, 169, 240 
brood, 205 

coniferous, 16&-169, 167, 269 (see 
also Conifers) 
crown or top of, 138, 281 
dead, 167, 236 
decrepit, 49, 209, 211 
defohated, 136, 137, 140 
desirable, 133 
dominant, 139-140 
dying, 3, 81, 183, 198, 208-214, 
216 

failure to kill, 169, 170, 174 
fire-kiUed, 103, 104, 212, 214, 222 
food, 44 

forest, 78, 81, 131, 133, 186, 187, 
202, 208, 209, 211, 227, 245, 
249, 260, 266, 266 
freshly cut, 80, 196, 216, 217, 221, 
224 

fruit (see Orchard) 
girdled, 221 
green, 100, 101 

grown under ideal conditions, 126 
hardwood, 6, 43, 105, 139, 150, 
162, 176, 186, 206, 208, 227, 
260, 251 

healthy, 49, 80, 169, 181, 183, 187, 
191, 209, 228 

host, 47, 64, 143, 145, 148, 152, 
161, 202, 208, 210, 217, 248, 
267, 270, 273, 306 
immune, 50, 200 

infested, 50, 81, 82, 117, 184, 187, 
193, 196, 199, 202, 206, 209, 
227, 254, 266, 269, 272, 274, 
298 


Trees, injured, 140, 173, 181, 201, 
208, 212, 222, 264 
mjury to, 42, 58, 271 
m the open, 38, 39, 131, 139-140, 
186, 186 
isolated, 201 
kdled, 46, 103-104, 221 
killing of, 203, 206, 270 
lawn, 249, 264 

hving, 46, 58, 100, 106, 167, 169, 
190, 198, 206, 216, 226, 227- 
228, 236 
merchantable, 7 
nest, 226 

nursery, 249, 276 (see also Nurs- 
onea) 
old, 164 

orchard, 83, 86, 164, 208, 209, 228, 
246, 247, 250, 265, 266 
ornamental, 89, 90, 101, 148, 152, 
168, 160, 164, 176, 183, 184, 
187, 228, 258, 263, 276 
rapidly growing, 49, 133, 160, 206 
recently killed, 3, 213, 216-219, 
221, 224 

resistant, 49, 50, 133-136, 272 
scorched, 222 
seed, 134 

shade, 21, 44, 77, 78, 81, 86, 89, 
90, 101, 102, 131, 162, 164, 
156, 157, 160, 183, 184, 186, 
187, 201, 206, 207, 208, 228, 
245, 247, 249, 268, 263, 264, 
265, 272, 275, 276, 304 
slow-growing, 206 
small, 90, 106, 169, 170, 276 
standing, 81, 106, 212, 228, 268 
subnormal, 209 
subject to injury, 175-176 
susceptible, 60, 93, 135, 139, 140, 
160, 151-152, 177, 183, 266 
tall, 89, 134, 162 
thiifty, 136, 160, 183, 211 
trap (see Traps) 
valuable, 89, 90 

vigorous, 49, 131, 132, 133, 187, 
209 

young, 174, 190, 199, 260 
Trcmex colurnba, 222, 283 
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Tropic responses, 72-73 
Tropical wood, 239 
Tropics, the, 60, 116, 236, 238 
Trypodendron, 218 
Tsuga, 260 

Tunnel, 49, 66, 68, 171, 174, 182, 
187, 189, 190, 192, 201, 202, 
203, 204, 206, 207, 210, 211, 
213, 216, 217, 219, 231, 235, 
238, 239, 241, 242, 298, 306 
Tussock moth, 26, 31, 56, 64, 79, 101, 
166, 286, 290, 302, 304 
Twigs, 140, 169, 169, 212, 246, 251, 

271, 275 

Two-lined borer, 38, 81, 131, 186- 
187 

U 

Underbrush, 126, 201 
Undergrowth, 186 
Underwmg moths, 66 
Umted States, 6, 8, 10, 11, 12-13, 42, 
128, 196, 198, 202, 206, 224, 227, 

272, 288, 301 

Unseasoned-wood insects, 216, 216- 
224 

Unsusceptible to attack, 108, 133, 
199, 233 
Utah, 191 

Utilization, 5, 103, 106, 111, J24, 
224, 243 

V 

Vadalia beetle, 124 
Value, 16, 77, 169, 202 
Vapor (see Qaa) 

Varnish, 103, 243, 244 
Vehicles, 70 
Vertebrata, 303-305 
Vertebrates, msectivoroua, 57, 303- 
305 

Viceroy butterfly, 66 
Vmes, 201 
Vu’girua, 170 
Virus, 280 
Viscosity, 96, 96 
Volatihty, 96, 96, 97 


W 

Wagon stock, 219, 241 

Walkmg stick, 63, 64, 66, 130 

Walnut, 208 

Walsh, 11 

Warblers, 305 

Wardle, 79 

Washes and washing, 90, 96, 101, 
249, 264, 276 

Washmgton, D C , 87, 170, 236 
Wasps, 26 

Waste, 103, 106, 117, 183, 197, 243 
Water, fresh, 231, 233 
salt, 229, 230, 231, 233, 234 
soapy, 276 

treatment, 104, 108, 109, 111-113, 
211, 214, 221, 224 
Watershed, 77 

Wax, 67, 68, 201, 260, 264, 269, 271, 
272, 273, 274 

Weather, 32, 41-42, 67, 130, 162, 
192, 256, 278 
adverse, 61, 161 
cold, 199, 204, 270 
cool, 278 
damp, 94 
dry, 164 

favorable, 61, 84, 164, 264, 279 
freezing, 61, 154 
moist, 278 
unfavorable, 275 
warm, 82, 114, 151, 164, 210, 278 
Webber, 292 

Webworm, faU, 68, 166, 290, 302, 304 
West, the, 132, 147, 148, 170, 191 
West Indies, 124 
Western Hemisphere, 230 
pme-beetle, 48, 132 
Wetting, 92, 95, 96, 112, 214 
Whale-oil soap (see Soa’p) 

Wheelbug, 301-302 
Wheeler, 225 

White ants (see Terrmteb) 
grubs, 178-180 

White-pme weevil, 2, 26, 36, 62, 79, 
130, 174^177, 288 
Whitewash, 100, 187 
Willard, 120, 121 
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Williams, 124 

Willow, 167, 168, 208, 248, 266 
Wilt disease, 161, 164, 281-282 
Wind, 72, 137, 161, 202, 274, 303 
(see also A%r currents) 
Wmdbreaks, 249 
Windows, 226, 226 
Wipfelkraukheit, 281 
Wireworms, 2, 180 
Wisconsin, 87, 140 
Wood, 107, 109, 139, 169, 176, 185, 
189, 198, 199, 200, 203, 204, 206, 
208, 211, 213, 214, 217, 218, 229, 
230, 231, 232, 236, 239, 298, 305 
dead, 215, 216, 224 
decaying, 222, 226 
dry, 215, 234, 235, 240, 241, 242 
freshly cut, 99, 101, 104, 106, 108, 
110, 111, 112, 113, 114, 121, 
168, 216 
green, 215, 224 
in storage, 243 
moist, 216, 216, 224, 234 
seasoned, 240 

solid, 46, 104, 121, 168, 183, 202, 
206, 222, 242, 283 
sound, 234 
susceptible, 244 
unseasoned, 216 
waste, 1, 105 
Wood borers (see Borers) 
destroyers, 215-244 
louse, 233-234 

products, 8, 76, 77, 104, 133 
pulp, 236 


Wood rot, 200, 213, 227 
Wood-eatmg msects (see Xylophor- 
govs insects) 

Wood-mhabitmg msects, 82, 103 
Wood-woikmg mdustries, 243 
Wooden structures, 8, 235-236, 

239 

Woodlands, 185, 186 
Woodpeckera, 305 
Woods (see Forest) 

Workers, 226, 236, 237, 238 
Worm holes, 219 
Worthley, 88 

Wound, 181, 183, 184, 206, 206, 208, 
228 

Wyommg, 191 

X 

Xyleborous, 218 
Xyleborus xylographusj 220 
Xylophagoua insects, 222 
Xylotormus, 218 
Xylem, 167 

Y 

Yeast-hke cells, 280 
Yellowstone Park, 77, 147 
Young, the, 03-65, 237, 267, 269, 271 

Z 

Zme araeiiite, 93 

Zone of tolei ation (see Effective 
iemporaturc and mmsturo) 
Zoological Record^ 12 





